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Ubersicht iiber die vulkanische Tatigkeit 1954-1956 * 


(Mit 2 Abbildungen) 


Wahrend der Jahre 1954-1956 war die vulkanische Ta- 
tigkeit allgemein schwacher als 1951-1953. Das bedeutendste 
Ereignis war der Explosiv- und Effusivausbruch der Be- 
symjannaja auf Kamtschatka 1955-56 und dessen Hohepunkt 
eine Explosion vom Katmai-Typ am 30, Marz 1956 mit 
reichlicher Forderung. Ein heftiger Explosivausbruch bildete 
im Juli 1955 im sitidlichen Chile einen grossen Maarkrater; 
der Merapi auf Java lieferte 1954-1956 viel Lava und weitere 
grossere Effusionen werden berichtet vom Ngauruhoe (Neu- 
seeland) 1954, Izalco (El Salvador) 1955 und Kilauea 1955. 
Von 7 Unterseevulkanen im Bereich des Pazifik liegen Aus- 
bruchsnachrichten vor, aber nur in einem Falle (Tuluman, 
Neu Guinea 1953-55) kam es zu Inselbildungen. 1954 waren 
82 Vulkane tatig, davon 14 effusiv, 1955 resp. 34 und 9 und 
1956 19 und 8. Diese Liste ist aber nicht vollstandig, besonders 
infolee des Fehlens fast aller Nachrichten aus dem_ indo- 
nesischen Raum, 

Nach kurzen Mitteilungen von der Transpacific Expedition 
des Scripps Institut in La Jolla fand man 1953 im nordwest- 
lichen Pazifik zwischen Kamtschatka und Hawaii einen 900 km 
langen submarinen Bergriicken vulkanischer Natur, meridional 
laufend und in mehreren terrassierten Gipfeln bis 2000-1100 m 
unter den Meeresspiegel ansteigend. Die aus der Tiefe herauf- 
geholten Gesteinsproben erwiesen sich als dieselben, die man 
in Kamtschatka, auf den Kurilen und den Aleuten findet: 
Augit-Hypersthen-Andesit, Augit-Pigeonit-Basalt sowie Tuffe 


*) N. D. R. - Dans un prochain B. V. vont paraitre plusieurs rapports 
nationaux. 
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von Andesiten und Daziten und Pyroxen-Hornblende-Dazit- 
Bimsstein (17). 

Die Ziffern hinter den Namen der Vulkane sind die 
Ordnungsnummern nach dem « Catalogue of the active vol- 
canoes of the world including solfatara fields » (I.A.V.), Naples, 
die eingeklammerten Ziffern beziehen sich auf das Quellen- 
verzeichnis am Schluss. 


AMERIKA 
Aleutenbogen 


Von den Vulkanen des Aleutenbogens liegen aus den 
Jahren 1954-56 keine Berichte tiber Eruptionen vor, aber fiir 
1953 waren noch zwei Ereignisse nachzutragen: Am 1. Marz 
1953 um 7.30 sah man eine schwarze Rauchsaule iiber dem 
Iliamna (8073 m, Alaska) und im gleichen Jahr war der 
Kugak (2027 m, nordostlich vom Katmai) stets dampfend, 
er hatte am 22. Juli einen Explosivausbruch, wahrscheinlich 
auch 1951 einen Aschenausbruch (48, 52). 


Mexicali 


Am 8. September 1955 fand 21 km siidlich von Mexicali 
in Nieder-Kalifornien ein Ausbruch mit niedriger Temperatur 
statt, dabei entstand eine grosse Spalte, aus welcher Schwe- 
felgase entwichen und heisse Gesteinsbrocken ausgeworfen 
wurden. Ein dhnliches Ereignis hat schon 1877 in dieser 
Gegend stattgefunden (62, 67). 


Paricutin 141-5 


Wahrend der Berichtszeit ist der Paricutin in Mexiko 
tuhig geblieben, Uber seine letzte Tatigkeit bis Marz 1952 ist 
jetzt der Bericht von Fries und Gutrerrez erschienen (20). 
Danach war die Explosivtatigkeit bis zum 25. Februar noch 
stark mit reichlicher Férderung von Aschen, Lapilli und 
Bomben und 8000 m hoch steigenden Rauchsdulen, Bis zum 4. 
Marz folgten noch einige schwache Explosionen, aber die La- 
vaforderung aus der Bocca Nueva Juatita endete schon am 25. 
II. Der Kegel erreichte eine absolute Héhe von 2808 m und 
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410 m tiber der einstigen Niederung, in der er am 20. Februar 
1943 entstand. Die Lavaforderung 1952 betrug 15 Mill. m°. 

Insgesamt hat der Paricutin in den 9 Jahren seiner Ta- 
tigkeit 0.7 km®* basaltische Blocklava gefordert, diese bedeckte 
eine Flache von 24360 km? mit 28.7 m mittlerer und 212 m 
maximaler Machtigkeit, Sande und Aschen bedeckten 58682 
km?, Volumen; 1.3 km?, 


Santa Maria 142-8 


1954 und 1955 war der Lavadom Santiaguito an der 
Siidflanke der Santa Maria (8768 m) in Guatemala noch stets 
dampfend, zeigte aber keine Lavabewegungen mehr, Die 
starksten Fumarolen lagen im Nordteil des Doms. die Schwe- 
felgase waren oft bis zur Stadt Quezaltenango wahrzunehmen. 

Am 14, April 1956 um 9.00 nach langer Ruhe plotzlicher 
starker Aschenausbruch aus dem Lavadom, folgend Aschen- 
regen tiber Quezaltenango und bis El Salvador bis zum 15. 
IV. nachmittags (388). 


Fuego 142-9 


Bei dem starken Ausbruch des Fuego (3835 m) in Gua- 
temala im April 1953 (s. 27, p. 78) ist im Zentrum des 1932 gebil- 
deten Kraters schlackige Andesitlava ausgebrochen und_ hat 
sich durch die 6stliche Randbresche (vergl. die schénen Bilder 
bei Dozy, Lit. 15) auf den Abhang ergossen, wo sich der Strom 
in die Hangschluchten verzweigte. Am. 9. September 1954 
beobachtete H. Mryrer-AsicH vom Flugzeug aus noch eine 
bedeutende Dampfemission auf der den Krater ausfiillenden 
schwarzen Lavamasse, besonders entlang ihrem Rand. 

Im Juli 1955 erfolgte ein kleinerer Ausbruch des Fuego, 
der aus dieser Lavamasse einen Explosionskrater aussprengte 
und eine kleine Lavakuppel bildete, wahrscheinlich ist auch 
ein kurzer Lavastrom nach SO hin abgeflossen (11, 38). 


Izalco 148-8 


Im Februar 1954 zeigte der Izalco in El Salvador eine 
lebhafte strombolianische Tatigkeit: alle 2 bis 15 Minuten 
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erfolgten starke Explosionen mit lauten Detonationen und 
reichlicher Férderung von Schlacken und Bomben. Spater, 
besonders Mitte des Jahres, sehr schwache Tatigkeit; im 
Oktober kleiner Lavaausfluss nach der Nordseite aus einer 
neuen Bocca. 

1955 wurde die Tatigkeit starker und die Forderung 
bedeutender. Am 24. Februar waren 3 Bocchen tatig, eine warf 
alle 5-15 Minuten Gase, Lapilli und Bomben aus, die beiden 
anderen nur Gase. Am 28. Februar um 13.00 plotzliche starke 
Explosion mit Aschenfall in westlicher Richtung und folgendem 
Lavaerguss aus dem Gipfelkrater, der sich in zwei nach NO 
und ONO gerichtete Arme teilte. Der Kraterrand im NO 
wurde zerstort und bei diesem Breschendurchbruch ist eine 
grosse Absturzglutwolke niedergegangen, die in dem Sattel 
zwischen dem Izalco und dem Cerro Verde 30 cm hoch Asche 
ablagerte. Die neue Blocklava war sehr zahe und floss nur 
langsam, Am 8, Marz folgten sich die Explosionen alle 3-8 
Minuten, deren Wolken stiegen nur sehr langsam auf, sie 
erschienen jetzt grau und enthielten auch Asche. Im April 
und Mai nachlassende Tatigkeit, aber haufige Lavanachschiibe, 
In dem breit aufgerissenen Gipfelkrater bauten die Auswiirfe 
einen neuen Zentralkegel auf, dessen Gipfel am 16. Juni schon 
die Hohe des Kraterrandes erreicht hatte. Vom Juli bis Sep- 
tember weitere Lavaergiisse, die ein ausgedehntes Lavafeld 
mit 5 m Randhdhe am NO-Fuss des Izalco bildeten. Im 
Oktober beobachtete man auch Lavaaustritte aus Hangbocchen, 
aber die Explosionen waren schwach, sie folgten sich alle 10 
Minuten. Am 3. und 4. November waren zwei neue Lavastrome 
an der Nordostflanke fliessend und in der Nacht vom 4. zum 
5. XI. fanden drei ungewohnlich starke Explosionen statt, die 
den NO-Teil des neuen Zentralkegels wegsprengten; auch 
am 6, XII. um 8.30 starker Ausbruch mit doppelter Rauchsaule 
und folgendem Sand- und Aschenfall. Ende November hatte 
der Zentralkegel den alten Krater vollig ausgefiillt und den 
Zustand wie vor dem 28, Februar wieder hergestellt, Im De- 
zember keine Lavaergiisse mehr, die Explosionen folgten sich 
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in Abstanden von 4-15 Minuten. Die Forderung war ein 
Olivinbasalt. 

Am 8. Januar 1956 wurden dunkle absteigende Glutwolken 
beobachtet, die den Fuss des Vulkans in 75 bis 80 Sekunden 
erreichten. Durch reichliche Schlackenauswiirfe bildeten sich 
Glutlawinen und auch die Bresche vom 28. II. wurde vollig 
zugeschiittet. Am 381, Januar war der Gipfelkrater eine 
schiisselformige Depression von nur 76 m Durchmesser, an 
dessen Boden nur eine Bocca tatig war. Bis Oktober blieb 
die Explosivtatigkeit gleichmassig, die Ausbriiche folgten sich 
im Durchschnitt alle 15 Minuten, gefordert wurden Gase, 
Bomben und Schlacken, Ende Oktober wurden die Ausbriiche 
starker, Anfang November erschien wieder Lava im Krater 
und brach am 8. XI. nach der NO-Seite durch, begleitet von 
reichlichen Auswiirfen gliihender Schweisschlacken. Diesmal 
entstand nur eine kleine Bresche im Kraterrand; die Lava floss 
iiber die Strome von 1955, gabelte sich in halber Hohe der 
Flanke und war am 26. XI, noch in Bewegung, ein kleinerer 
Strom floss ausserdem am 10. November nach WNW. Nach 
dem Lavadurchbruch nahm die Starke der Explosionen ab, 
am 24, und 25. XI. entstromten dem Krater bedeutende Was- 
serdampfsaulen. 

Der Kegel des Izalco befindet sich noch in  stetem 
Wachstum. Seine absolute Hohe war nach H. Meryer-AsIcH 
im Juli 1958 1935 m, im September 1955 1950 m, in Januar 
1956 1966 m und in November 1956 1978 m (87, 38, 59). 


San Miguel 143-10 


Der San Miguel (2132 m) in El Salvador ist in den letzten 
Jahren sehr ruhig geblieben, nur am 21, Oktober 1954 erfolgten 
zwei kleine Wasserdampfexplosionen nach vorangegangenen 


Beben (88). 


Telica 144-4 


Der Telica in Nicaragua befand sich 1954 in sehr lebhaf- 
ter Fumarolentatigkeit, ohne dass es zu Ausbriichen kam (10). 


Las Filas 144-8 


Am 19, Februar 1954 war der am 23, Oktober 1952 ent- 
standene Spaltenkrater (« Hoyo ») des Las Pilas in Nicaragua 
starker tatig und stiess ununterbrochen dicht geballte, wir- 
belnde Dampfwolken von braunlicher Farbe aus, die sich den 
Westabhang hinabwalzten, sie verbreiteten einen Geruch nach 
SO, bis zur Stadt Leon. Auch im August beobachtete F. M. 
Buxxarp reichliche Dampfemission aus der Spalte. Der am 
NW-Fuss des Las Pilas gelegene Cerro Negro, zuletzt 1951 
eruptiv tatig, hatte leichte Fumarolen im Gipfelkrater und an 
mehreren noch heissen Stellen in den Lavastromen am Nord- 
fuss des neuen Ausbruchskegels von 1947 in parallel laufenden 
meridionalen Spalten. Ende Oktober wieder starker -Aschen- 
ausbruch aus dem Hoyo-Krater am Las Pilas; die in Leon 
fallende Asche war von heller Farbe und anscheinend kein 
frisches Material. Auch im Marz 1955 war der Hoyo wieder 
starker tatig (8, 10, 34, 35). 


Momotombo 144-9 


Im Februar 1954 beobachtete Prof. TERMER vom Flug- 
zeug aus, wie der Momotombo in Nicaragua in kurzen Pausen 
geballte graue Rauchwolken ausstiess. Auch sonst zeigte der 
Vulkan 1954 eine lebhafte Solfatarentatigkeit in seinem Gip- 
felkrater (8, 10). 


Masaya 144-10 


Der Masaya (660 m) in Nicaragua hat von 1947 bis 1954 
mehr Schwefelgase geférdert, als irgend ein anderer Vulkan 
auf dem Erdball. In den letzten Jahren hat diese Gasemission 
aus dem Schacht Santiago noch zugenommen. Im Oktober 
1954 fand McBrrney diesen Schacht 225 m tief, in seiner 
Umgebung waren Senkungen erfolgt (10, 34). 


Concepcion 144-12 


Der Vulkan Concepcion (1557 m) auf der Insel Omotepe 
im Nicaraguasee befand sich von 1948-1955 in standiger leichter 
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Explosivtatigkeit. 1954 folgten sich die einzelnen Ausbriiche 
in Abstaénden von etwa 30 Minuten, sie warfen gelbliche 
Rauchwolken mit nur wenig Asche aus (10, 34). 


Poas: V45—4 


1954 war der Pods (2722 m) in Costa Rica weiter perio- 
disch explosiv tatig, aber die Ausbriiche waren von ver- 
schiedener Starke. Im Marz beobachtete Prof. TermeEr dichte 
braune Rauchwolken und im August fand F. M. BuLiarp an 
der Stelle des friiheren Kratersees im Mittelkrater einen neuen, 
etwa 30 m hohen Zentralkegel mit einem explosiv tatigen 
Gipfelkrater und kleinen, dampfenden Seitenkratern. Die 
Ausbriiche forderten braune Kumuluswolken mit reichlich 
Wasserdampf und Lavablocken, Glut konnte nicht beobachtet 
werden. Aus einem der Seitenkrater traten blauliche, durch- 
sichtige Gase aus, SO, machte sich weithin bemerkbar und 
schadigte die Vegetation. Der Siidkrater des Pods und sein See 
blieben unbeeinflusst. Abb. 1 zeigt den tatigen Mittelkrater 
des Vulkans im August und Abb. 2 den Pods in Tatigkeit im 
November 1954, 

Ende 1954 und im Januar 1955 stiess der Vulkan in un- 
regelmassigen Abstanden von einigen Tagen bis zu mehreren 
Wochen gewaltige Aschenwolken aus, die von dem _ fast 
standig wehenden Nordostwind nach der westlichen Meseta 
Central verfrachtet wurden. Stieg die Ausbruchssaule sehr 
hoch, so zog ihr oberer Teil in entgegengesetzter Richtung 
weg. Im Januar fand Dr. Weyt den Vulkangipfel stark mit 
schwarzer Asche bedeckt; dem Zentralkegel entstiegen weisse 
und graue Dampfwolken und auf dem Kraterboden herrschte 
eine kraftige Solfatarentatigkeit. Im April, Mai und Juni 
wurden haufig lange Rauch- und Dampffahnen beobachtet 
und Anfang Juli fanden taglich Wasserdampfexplosionen statt, 
SO, —haltige Asche fiel auf den Vulkanberg. 

Auch 1956 haufige Rauchemission des Pods wie in den 
vorgangenen Jahren, besonders in August wieder lange Rauch- 
fahnen nach W und SO,~—haltige Aschenfalle (2, 3, 10, 11, 
34, 58). 
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Irazd 145-6 


Der Irazti (3452 m) in Costa Rica zeigte 1954-56 nur 
Solfatarentatigkeit in den Kratern G und M. Am 1. September 
1954 war die Dampfemission pulsierend, aber ohne Getdse, 
die Dampfe enthielten reichlich SO,, viel Schwefel war an 
den Kraterwanden abgesetzt. Am Boden des Kraters M lag 
ein See mit griinem Wasser, auf dessen Spiegel ein gelblicher 
Schwefelschaum schwamm (2, 10). 


Guadeloupe 


In der Nacht vom 19, zum 20. Oktober 1956 hatte die 
Soufriére auf der Insel Guadeloupe (KI. Antillen) eine heftige 
Explosion mit Foérderung von grauer Asche und _ grosser 
Mengen Schwefelgase. Ein weiterer Ausbruch mit starkerem 
Aschenregen folgte am Abend des 24, Oktober. Den Ausbrii- 
chen war eine Temperaturerhohung der Fumarolen und die 
Bildung neuer Fumarolen vorangegangen, ferner eine Beben- 
serie, die sich im Dezember wiederholte. Die Explosionen 
bildeten eine Spalte auf dem Gipfel des alten Lavadoms, von 
der spater grosse Mengen weissen Dampfes aufstiegen (8, 
9, 67). 


Llascar 


Der 5990 m hohe Llascar (Toconado) in der Puna de 
Atacama, zuletzt 1951-52 tatig, hatte im Juni und Juli 1954 
eine weitere Ausbruchsperiode (51). 


Llaima 


Der basaltische Llaima (3082 m) in den siidchilenischen 
Anden war 1955 eruptiv tatig und nach einem Jahr der Ruhe 
wieder im November 1956: Lavastréme flossen an den Flanken 


herab (67). 


Nilahue 


Im Juli 1955 entstand in dem Vulkangebiet an den Seen 
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Ranco und Puyehue im siidlichen Chile, welches ich friiher 
im Bulletin volcanologique kurz skizziert habe (26), unter 
starken Explosiverscheinungen 5 km nérdlich vom Vulkan 
Rifiindhue ein neuer Krater, der in den verschiedenen Be- 
richten teils Nilahue (weil nahe dem Nilahue-Fluss gelegen), 
teils Carran genannt wird. Die erste Explosion erfolgte am 26. 
Juli in einem Weideland, sie warf nur Oberflachengestein aus 
und war von starker Lufterschiitterung und pochenden Getédsen 
begleitet. Dann folgten 22 Stunden lang Erdbeben und erst 
am 27. nachmittags begann der eigentliche Ausbruch mit 
einem ungeheuren Knall, eine schwarzgraue bis schwefelgelbe, 
yon elektrischen Entladungen erleuchtete Rauchsaule erhob 
sich 10000 m hoch und nahm dann Piniengestalt an, grosse 
Gesteinsbrocken wurden 6 km weit geworfen, der Lapillifall 
reichte 35 km weit und der lange anhaltende Aschenregen 
erreichte Osorno, Temuco und Valdivia. Nahe dem Vulkan 
wurde die Aschenlage 1 m hoch, Blockhiitten stiirzten ein; 
diese Haupttatigkeit dauerte 150 Stunden. Am 1, August noch 
5000 m hohe Aschensaule, auch der Auswurf weissgliihender 
Lavablocke wird erwahnt. Bache wurden gestaut und zwei 
Personen durch Gase getoétet. Die Explosionen wiederholten 
sich dann drei Monate lang, wobei ihre Starke langsam abnahm. 
Nach mehreren Tagen Ruhe fanden immer wieder heftige 
Aschenausbriiche  statt, wobei auch Lapilli zu bedeutender 
Hohe emporgeschleudert wurden, ferner yom Schlot mitge- 
rissene Bruchstiicke und frische Bimssteine eines sauren 
Magmas, Der feine Aschenregen reichte 800 km weit nach 
N bis Santiago, es wurden etwa 300 Mill. m* altes und neues 
Material ausgeworfen. Der neue Explosionskrater hat einen 
Durchmesser von 1500 < 1200 m, er liegt in hiigliger Gegend 
nahe zwei alteren Maaren und war sein Kegelbau von nur 
geringer Hohe. Im Dezember 1955 war der Krater schon 
vollig ruhig und es hatte sich auf seinem Boden bereits ein 
See angesammelt. Sehr zweifelhaft sind Berichte tber eine 
gleichzeitige Tatigkeit der Vulkane Choschuenco und Ri- 
ninahue (21, 42, 67). 
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Boqueron 141-2 


Der 1952 entstandene Vulkan Boquerén oder, wie er 
neuerdings genannt wird, Barcena, auf der Insel San Be- 
nedicto (s. 27, p. 84-86) ist nach 1953 ruhig geblieben und 
beschrankte seine Tatigkeit auf Dampfaushauchungen, 1954 
etloschen einige grosse Kraterfumarolen. Die neue Lava ist 
nach Ricrarps trachyandesitisch oder andesitisch (49, 50). 


Isabela 


Die grésste der Galapagos Inseln, Isabela (Albemarle), 
besteht aus fiinf basaltischen Schildvulkanen mit grossen 
Gipfelcalderen und etwa 2500 Satelliten (Schweiss- und Lock- 
erschlackenkegeln, Tuff-und Aschenkegeln, Spratzkegeln etc.), 
meist in Gruppen oder entlang Spalten angeordnet; ausser 
Lavastromen finden sich auch Tufflagen und zahlreiche kon- 
zentrische und radiale Spalten, die Gesteine sind Plagioklasba- 
salte mit 47-48 % SiO,. 

Der Vulkan Wolf (5600 f nach Lit. 7), am Nordende der 
halbmondformigen Insel gelegen, hat eine Gipfelcaldera von 
7 km Durchmesser, letzte Ausbriiche 1925 und 1948, er zeigte 
im Friihjahr 1953 eine leichte Solfatarentatigkeit. 

Darwin, 4800 f, folgt nach S auf den Wolf, seine Gipfel- 
caldera hat ebenfalls 7 km Durchmesser, Ausbriiche sind nicht 
bekannt, 1953 wurden auch keine Solfataren gefunden, aber 
noch sehr frische Lavafelder. 

Alcedo, 3650 f, siidlich vom Darwin, ist der niedrigste 
der Vulkane auf Isabela, hat aber die grosste Caldera von 10 
km Durchmesser, 1953 Solfatarentatigkeit. Am 9, November 
1954 begann ein Ausbruch des Alcedo in der Caldera und in 
Spalten an der Ostflanke, spater floss Lava nach NNW ab. 
Dem Ausbruch sind Hebungen am Westfuss des Vulkans 
vorangegangen, 

Sierra Negra (Volcan Grande), 4890 f, in Siidteil der 
Insel gelegen, ist nicht der héchste, aber der miachtigste 
Vulkanberg auf Isabela, seine Gipfelcaldera hat 9% km 


Durchmesser und eine geringe Tiefe (ca. 120 m), letzte 
Ausbriiche 1948 und 1953-54. Ein starker Flankenausbruch 
begann am 27. August 1953 an der Nordseite mit dem Auf- 
reissen einer 3 km langen Spalte und 10000 m hoher heller 
Dampfsaule. Am 31. VIII. warf die Spalte alle 7-8 Minuten 
Glutfontaénen empor, die ausfliessende Lava verzweigte sich 
und erreichte in mehreren Zungen spater die Kiiste an 
der NW-Seite. Die Tatigkeit dauerte wahrscheinlich bis 
Januar 1954. 

Dicht westlich der Sierra Negra liegt der Cerro Azul, 
5540 f, der steilste Kegel auf Isabela, mit ovalem Gipfelkrater 
von 14% x4'% km Durchmesser, letzte Ausbriiche 1949 und 
1951; 1953 zeigte er nur eine schwache Fumarolentatigkeit 


(7, 48, 49, 62). 


Mauna’ Loa 132-2 


Der Mauna Loa auf Hawaii ist 1954-56 ruhig geblieben, 
abgesehen von gelegentlichen Ortlichen Beben (62, 63). 


Kilawea—i32-3 


Nach 18% Monaten Ruhe begann am Morgen des 31. 
Mai 1954 nach schwacher Bebenvorbereitung ein kurzer 
Ausbruch des Kilauea auf Hawaii. Zuerst erschienen bis 200 
m hohe Lavafontaénen im Schacht Halemaumau, die Dampf- 
siule stieg 10000 m hoch; kurz danach brach nordostlich 
ausserhalb des Halemaumau auf dem Calderaboden des 
Kilauea ebenfalls Lava aus. Eine gebrochene SW-NO-Spalte 
war innerhalb und ausserhalb des Schachtes tatig, auf der 
mehrere kurze Fontdnenreihen eine orangegelb leuchtende 
Lava forderten, die sich schnell mit einer dunklen Erkaltungs- 
kruste bedeckte und den ganzen Boden des Halemaumau — 
also die Lava von 1952 — iiberfloss. Ein etwa gleichgrosses 
Lavafeld entstand auf dem Calderaboden im NO. Fonta- 
nenhohe und Spratzkegelbildung blieben gering und schon 
am 8, Juni nachmittags war die Eruption beendet. Die meiste 
Lava wurde in den ersten zwei Stunden gefordert, ihre Ober- 


flache fast iiberall Pahoehoe, Volumen etwa 1614 Mill. Kubik- 
Yards. 

Am 28. Februar 1955 8.00 begann nach Bebenvorbe- 
reitung ein Flankenausbruch an der Ostseite des Kilauea mit 
Spaltenbildungen nahe einem 4lteren Schlackenkegel, die Lava- 
fonténen stiegen 20-50 m hoch und die Lavabache nahmen 
ihren Weg nach S. Nach und nach entstanden weitere Spalten 
mit Fontaénen und Spratzkegeln, wahrend die zuerst entstan- 
denen ihre Tatigkeit auf Dampfabgabe beschrankten, dabei 
war die seismische Unruhe anhaltend. Diese Ausbriiche 
dauerten intermittierend bis zum 26. Mai, wobei das Aus- 
bruchszentrum in Richtung auf die Kilauea-Caldera hin wan- 
derte. Die Schlackenkegelbildung blieb gering, ein Teil der 
Ortschaft Kapoho wurde zerstort, mehrere Lavazungen er- 
reichten die Siidkiiste. Die Forderung war ein diinnfliissiger 
Plagioklasbasalt mit 50.53 bis 51.24% SiO., Volumen: 120 
Mill. Kubik-Yards (32, 33, 62). 


Unterseevulkane in den Hawaii - Inseln 


Am 20, August 1955 war ein submariner Vulkan zwischen 
den Inseln Nihoa und Nekker in der westlichen Hawaii- 
Gruppe tatig, Flieger beobachteten eine aufgeregte und 
dampfende Meeresflache von ovalem Umriss und ca. 1500 m 
Durchmesser mit gelblichem Wasser und schwimmenden 
Bimsteinbarren. Am folgenden Tage waren diese Erschei- 
nungen verschwunden, aber das Meerwasser noch getriibt 
und Serien von Flutwellen gingen nach allen Seiten aus. Am 
22, September stieg hier Rauch vom Meeresspiegel auf, der 
braune und gelbe Streifen zeigte (62, 67). 

Ein weiterer submariner Ausbruch erfolgte am 23. Mai 
1956 zwischen den Inseln Kauai und Oahu, Einzelheiten 
werden nicht berichtet (67), 


Tongariro 


Der in der Tagespresse berichtete Ausbruch des Tongariro 
aut Neuseeland in Januar 1954 hat nicht stattgefunden, wie 


ea 


mir Herr Grecc in Rotorua mitteilte. Offenbar haben Busch- 


brande die Veranlassung zu der irrtiimlichen Mitteilung ge- 
geben (1, 67). 


N gauruhoe 


Nach 9 Monaten Ruhe begann am 13. Mai 1954 eine neue 
Tatigkeitsperiode des Ngauruhoe (2333 m) auf Neuseeland mit 
dem Ausbruch einer 4000 m hohen Aschensaule, bis Ende Mai 
folgten dann weitere ahnliche Explosionen mit Gluterschei- 
nungen aus dem Zentralkegel am Westrand des grossen Gip- 
felkraters. Anfang Juni wurden Schlackenfontanen beobachtet 
und vom 4. Juni bis 26. September flossen 10 Lavastrome, 
teils nebeneinander, teils iibereinander auf die W- und NW- 
Flanke, der bedeutendste am 30. Juni, sie waren zum Teil 
von heissen Absturzlawinen begleitet. Wahrenddem wurde 
der Zentralkegel durch die anhaltenden Schlackenauswiirfe 
bedeutend vergroéssert, sein westlicher Kraterrand aber durch 
die Lavaergiisse aufgerissen. Die Forderung war ein dunkel- 
grauer bis schwarzer Andesit. Die Machtigkeit der Blockla- 
vastrome schwankte zwischen 3 und 10 m, ihre Lange zwischen 
300 und 2000 m, das Volumen schatzt Grecc auf 8 Mill. Kubik- 
Yards, Erst im September traten neben den Lavaergiissen und 
Schlackenfonténen wieder lautstarke Aschenexplosionen mit 
Lufterschiitterungen auf, im letzten Quartal 1954 wurde die 
Tatigkeit dann schwacher. Im Dezember war der Zentralkegel 
schon fast genau so hoch wie der hochste Punkt des alten 
Kraterrandes im O. 

Vom 2, Januar bis 13. Marz 1955 fanden noch mehrere 
Explosivausbriiche mit Schlacken-, Lapilli- und Aschenaus- 
wurf statt, begleitet von Gluterscheinungen, Getdsen und der 
Emission blauer Gase. Bis Juni war noch Lava im Krater 
anwesend, weitere Explosionen am 19. und 21. VI: im Juli 
dann Zuriicksinken der Lavaséule und Zunahme der Krater- 
tiefe. Im Dezember wurde erneut Glutschein und zunehmende 
Fumarolentatigkeit beobachtet. 

Am 11. Januar 1956 wieder Glutschein und bedeutende 
Dampfemission mit blauen Schwefelgasen und vom 12, - 22. 
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Januar folgte eine Serie von Explosionen mit dem Auswurf 
von reichlich Asche und Glutmaterial, die Aschenlage am 
Gipfel wurde bis 1 m dick. Am 10, und 11. Februar war der 
Negauruhoe nochmals explosiv tatig und kehrte dann zum 
Fumarolenstadium zuriick (1, 23, 24). 


Ruapehu 


Der Ruapehu (2803 m) auf Neuseeland ist wahrend der 
Berichtszeit ruhig geblieben, aber Anfang Oktober 1954 war 
seine Dampfemission so bedeutend, dass am 8. X. der ganze 
Kratersee mit Dampf bedeckt war (62). 


Lamington 53-1 


1954-1956 ist der seit 1951 tatige Lavadom des Lamington 
(1780 m) auf Neu Guinea weiter gewachsen und erreichte 
eine Hohe von 560 m uber dem Kraterboden. Explosivaus- 
briiche fanden nicht mehr statt, aber haufige Gipfelabstiirze. 
Die Domlava ist ein Hornblende-Andesit mit 58.45-60.32% 
SiO, (16). 


Lounegila 52-4 


Der Langila (Nangila, 1189 m) am Westende der Insel 
Neu Britannien hatte 

1954 vom 18, Mai bis 5, Juni, 2. Juli bis 12. September 
und 1, Oktober bis 13, November, 

1955 am 15., 16., und 17. Februar und 1., 6., und 16. Juni, 

1956 vom 25. bis Ende Marz 
Explosivausbriiche yon wechselnder Starke aus seinem nord- 
lichen Krater mit Auswiirfen von Aschen und Lapilli, die 
Forderung ist ein Augit-Hypersthen-Andesit. Die starkste Ta- 
tigkeit war am 23, Juli 1954 mit 4000 m hohen Aschensdulen, 
lauten Getodsen, elektrischen Entladungen und Schwefeldunst 


(16, 68). 
Long 51-5 


Der vom 8, Mai 1953 bis 7, Januar 1954 tatige Zentral- 
kegel im Kratersee der Long-Caldera hatte vom 5. -13. Juni 


1955 eine weitere Ausbruchsperiode mit dem Auswurf glii- 


hender Aschen (16, 55). 


Bama 5k 1 


Der Inselvulkan Bam (Biem, 600 m) vor der Nordkiiste 
von Neu Guinea hatte wahrend der Berichtszeit leichte Ex- 
plosivausbriiche am 8. August, 6. Oktober und im November 
1954, 3. und 7. Juni, 14. und 26. November, 2.-8. und 31. 
Dezember 1955 und am 1, und 2, Januar 1956 (16). 


Tuluman 50-1 


Tuluman ist ein submariner Vulkan zwischen den Inseln 
Lou und Baluan in der Admiralitatsgruppe. Hier waren vom 
27, Juni 1958 bis 25, November 1955 6 Eruptionszentren tatig, 
welche ausser Explosivausbriichen auch Lavaextrusionen zeig- 
ten, 4 Krater tauchten aus dem Meer und vereinigten sich zu 
2 Inseln, deren grdssere im Juli 1955 40 m hoch war, die 
beiden anderen blieben unter dem Meeresspiegel (16, 55, 69). 


Unterseevulkan im westlichen Pazifik 


Im Oktober 1955 wurde 600 ml (Sml?) dstlich der Nord- 
spitze von Luzon ein submariner Vulkan tatig: eine kochende 
Meeresflache wurde beobachtet, Position etwa 19°N und 132° 
15’ O. Hier oder in der Nahe hat 1854 ein submariner Ausbruch 
stattgefunden (62). 


Myojin 


Die letzte Lavadominsel des Myojin ist im August und 
September 1953 durch Explosionen zerstért worden (s, 27, p. 
92-94) und nicht wieder aufgetaucht. Im Oktober fand man 
die Anzeichen einer submarinen Bank, der Vulkan blieb dann 
ruhig. Erst am 4. November um 14.00 und 15.00, am 5. No- 
vember 1954 und am 25. Juni 1955 wurden hier wieder sub- 
marine Ausbriiche gesehen (14, 39, 41). 
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Minami Iwo Jima 


Anfang Februar 1954 war nahe der Insel Minami Iwo 
Jima ein Unterseevulkan tatig: Die Meeresoberflache war 
kochend und dampfend, zu einer Inselbildung (wie zuletzt 
1914) kam es aber nicht, Am 31 Januar hatte hier ein starkes 
Seebeben stattgefunden (62). 
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Schewelutsch 100-27 


Der nordlichste tatige Vulkan auf Kamtschatka, der 3335 
m hohe Schewelutsch, hatte seine letzte Tatigkeitsperiode 
vom 5. November 1944 bis 6. April 1950. Dabei bildete sich 
zuerst am Ostende einer z. T. in historischer Zeit entstandenen 
Quellkuppenreihe ein Explosionskrater, in dem 1946-49 eine 
neue Kuppe — Sujelitsch — aufgestaut wurde. Dabei traten 
bis 8 km lange Glutwolken auf und bis 100 m hohe Felsnadeln 
wurden aus dem Domgipfel ausgepresst, die immer wieder 
abstiirzten. Der Dom wurde 200 m hoch, sein Gestein ist ein 
Hornblende-Andesit mit 59.57% SiO,. Zum Abschluss der 
Tatigkeit wurden aus dem Kuppengipfel mehrere steilwandige 
Explosionskrater ausgesprengt. In der Berichtszeit ist der 
Vulkan ruhig geblieben, aber die Fumarolentatigkeit auf dem 
neuen Dom war anhaltend stark (36, 46). 


Kliutschewskoy 100-26 


Der Kliutschewskoy (4850 m) auf Kamtschatka blieb nach 
seinem grossen Ausbruch 1944-45 (s, 47) relativ ruhig, ab- 
gesehen von zeitweise sehr kraftiger Fumarolentatigkeit. Im 
Oktober 1946, November 1951 und Juni 1953 entstanden neue 
Satelliten an der Ostflanke, Aschenausbriiche des Gipfelkraters 
waren im Mai 1949, November 1951 und Juni 1953. 

Am 28. Mai 1954 begann eine neue Periode starker Ex- 
plosionen des Gipfelkraters, sie waren bis zum 6. Juni strom- 
bolianisch: Dampf-und Lapilliauswiirfe unter Glutschein, gliih- 
ende Bomben wurden bis 400 m hoch geworfen, die tatige 


Bocca lag im éstlichen Teil des Kraters. Vom 7. Juni an traten 
immer haufiger auch Aschenwolken auf, zeitweise folgten sich 
die Explosionen in Abstanden von 1 bis 2 Minuten und trieben 
schwarze Sadulen bis 2000 m hoch. Zuweilen wurden auch 
Rauchringe beobachtet und anscheinend waren jetzt drei 
Bocchen nebeneinander auf einer Spalte tatig, Wahrenddem 
war die seismische Unruhe nur schwach, Die Tatigkeit 
dauerte im September noch an, aber die Pausen zwischen 
den Explosionen wurden langer: 2 bis 30 Minuten. Auch war 
jetzt kein Glutschein mehr zu sehen. Die Forderung war ein 
Plagioklasbasalt mit 52.67% SiO, (46, 60). 

Vom 27. Juli bis 2. August 1956 Ascheneruptionen des 
Gipfelkraters; gleichzeitig entstanden im Verlauf der bei dem 
Flankenausbruch 1945 aufgerissenen Radialspalte im SO zwei 
weitere Satelliten, Bernadskogo und Kryschanowskogo mit 
resp. 500 m und 1000 m langen Lavastromen (60). 


Besymjannaja 10,0-25 


Nach starker Bebenvorbereitung ist der 3085 m_ hohe 
Vulkan Besymjannaja in der Kliutschewskoy-Gruppe (Kamt- 
schatka) erstmals in historischer Zeit in Tatigkeit getreten. Die 
Ausbriiche begannen am 22. Oktober 1955 und schon am ersten 
Tage erreichte die von elektrischen Entladungen erleuchtete 
Aschensaule eine Hohe von 5000 m iiber dem Krater, hellgraue 
Asche fiel bis zur Ostkiiste, dabei drohnende Getése und 
anhaltende seismische Unruhe. Im November weitere starke 
Explosivausbriiche mit weitreichenden Aschenfallen, am 8. XI. 
sah man zuerst Glut tiber dem Krater, die Maximaltatigkeit 
war vom 18. bis 18. November mit bis 11000 m hohen Aschen- 
sdulen voller elektrischer Entladungen, in 40 km Entfernung 
(in Kliutschi) wurde die Aschenlage 2 cm hoch. Im Dezember 
wechselnd starke Tatigkeit und im Januar 1956 waren die 
begleitenden seismischen Storungen bedeutend: Pro Tag 
waren es oft 400 Erdstésse, insgesamt seit Oktober 1955 30000. 
Der Gipfel war jetzt teilweise zerstort und der neue Krater 
betrachtlich breiter geworden, in seinem innern stieg ein 
Lavadom auf, dessen halb erstarrte Kruste in dunkelroter Glut 
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leuchtete. Mitte Februar hatte der Gipfel des Lavadoms den 
Kraterrand erreicht und bréckelte iiber diesen ab, Lavalawinen 
traten auf, 

Am 30, Marz 1956 erfolgte ein gewaltiger Explosivaus- 
bruch der Besymjannaja, sehr ahnlich dem des Katmai 1912. 
Die von elektrischen Entladungen erleuchtete Aschensaule 
stieg tiber 45000 m hoch und die Lufterschiitterungen waren 
weithin wahrzunehmen, Die den Vulkan umgebende Land- 
schaft wurde véllig verandert, der halbkugelférmige Lavadom 
und die ganze Siidostseite des Gipfels weggesprengt und ein 
Krater von 1500 x 2000 m Durchmesser und 1000 m Tiefe 
geschaffen. Das Auswurfsmaterial — gliihende Aschen und 
Agglomerate — wurde nicht nur hoch in die Luft geschleudert, 
sondern ergoss sich auch in Kaskaden (Glutwolken?) iiber die 
Flanken, besonders nach der Ostseite, schmolz den Eis- und 
Firnmantel des Vulkans rapide und verursachte diinnfliissige 
Schlammfluten, die 75 km weit durch das Bett des Chapitza- 
Flusses bis in den Kamtschatkafluss stromten, Am Ostiuss der 
Besymjannaja entstand eine Ablagerung ahnlich dem Tal der 
10000 Dampfe in Alaska, Ein starker Aschenregen fiel 400 km 
weit nach NO und von dieser Explosion stammen vermutlich 
auch die Feinaschen, die man am 8. und 4. April in der 
Stratosphare uber West-England feststellte. Im Friihsommer 
1956 neue Tatigkeit in dem Explosionskrater: Dampfwolken 
und gelegentliche Aschenfalle, am Kraterboden begann ein 
neuer Lavadom aufzusteigen (6, 22, 30, 60, 64, 67). 


Tolbatscha 100-24 


Die Tolbatscha (8085 m) in der Kliutschewskoy Gruppe 
auf Kamtschatka war 1954 stark dampfend und hatte am 2]. 
Februar, 22., 24., und 26. Marz und 13, Juni Aschenausbriiche, 
Glutschein wurde nicht gesehen, Am 28, August fand B. J. 
Pup am Gipfel eine frische Aschenlage, die z. T. aus Glasfaden 
(Peles Haar) bestand. Der Kraterboden war stark von Spalten 
durchsetzt und der titige Schacht erschien gegeniiber dem 
Zustand 1941 grésser und tiefer, zur Zeit wurden nur Was- 
serdampfe und nach SO, riechende Gase geférdert (46). 


Karymskaja 100-18 


Gleich nach dem schweren Kamtschatkabeben vom 5. 
November 1952 erneuerte der Vulkan Karymskaja (1486 m, 
Mittel-Kamtschatka) seine Tatigkeit und hatte 1952 und 1958 
mehrere Aschenausbriiche und weitere werden fiir 1955 an- 


gegeben (60). 


Schupanowskij 10,0-12 


Der Schupanowskij-Vulkan auf Kamtschatka (2958 m) 
hatte im Dezember 1956 schwache Aschenauswiirfe (60). 


Pik Sarytschewa 9-24 


Der Pik Sarytschewa (1497 m) auf der Kurileninsel Matua 
hatte nach acht Jahren Ruhe vom August bis Oktober 1954 
eine neue Ausbruchsperiode, die aber nicht die Starke der- 
jenigen vom November 1946 erreichte: die Lavasaule stieg 
bis zum Kratergrund empor und bildete hier eine flache 
Kuppel mit starker Fumarolentatigkeit, von Zeit zu Zeit 
fanden leichte Aschenausbriiche statt, Auf den Agglomerat- 
stromen der Eruption von 1946 waren noch sekundaére Fuma- 
rolen tatig (60). 


Meakan 


Am 19. November 1955 hatte der Meakan auf der Insel 
Hokkaido einen leichten Explosivausbruch (62). 


Asamayama 


Uber die Tatigkeit des Asamayama (2554 m) bis Mai 1954 
hat T. MrnakaMti hier bereits berichtet (89). Weitere leichte 
Aschenausbriiche folgten vom Juni bis 6. September und am 
2. und 4. November 1954. Am 1]. Juni 1955 7.46 wieder Ex- 
plosivausbruch von drei Minuten Dauer mit laut rollendem 
Getdse und Aschenfall in der Umgebung; im Dezember 1955 
war der Vulkan wieder explosiv tatig (18, 40, 62). 


Miharayama 


Uber den Ausbruch des Miharayama auf der Insel Oshima 
1953-54 hat T. Minaxami bereits hier berichtet (39), weitere 
Literatur s, Nr. 18. 19 und 57. Im Dezember 1955, Januar und 
August 1956 war der Vulkan wieder leicht explosiv tatig, ohne 
dass Lava floss (61, 67). 


Asoyama 


Am 24, Juli 1955 war der Zentralkegel Nakadake in der 
Aso-Caldera strombolianisch tatig und warf gliihende Bomben 
bis 8300 m iiber den Kraterrand empor (62). 


Sakurajima 


Vom 18. bis 31. Oktober 1955 hatte der Sakurajima (1118 
m) 18 Explosivausbriiche, deren Aschenpinien bis 2500 m hoch 
stiegen, dabei Lufterschiitterungen, elektrische Entladungen 
und Blockauswiirfe, folgend ausgedehnte Aschenfalle. Voran- 
gegangen war diese Eruptionsperiode von Mikrobeben und 
zunehmender Fumarolentatigkeit. Seit der grossen Eruption 
von 1914 ist das Eruptionszentrum bei zahlreichen kleineren 
Ausbriichen von 1985 bis 1950 bergaufwarts gewandert und 
lag 1955 im Nordteil des tatigen Siidkraters Minamidake, hier 
entstand ein Explosionskrater von 110 m Durchmesser, Diese 
Periode forderte aber noch kein frisches Material, die erste 
Explosion am 13, X. warf 55000 m* Schutt aus. 

Nach 66 Tagen relativer Ruhe nahm der Vulkan seine 
Tatigkeit am 6. Januar 1956 wieder auf und folgten bis Ende 
Mai mindestens 50 Ausbriiche von groésserer Starke als im 
Oktober 1955, Jetzt wurden Lavablécke, Brotkrustenbomben 
und Bimssteine von frischem Material geférdert, die Blécke 
wurden bis 1000 m weit geschleudert. Zu einem Lavaerguss 


kam es nicht (54, 56), 
Suwanose 


Die Vulkaninsel Suwanose-Jima in der Tokara-Gruppe der 
Riu-Kiu-Reihe ist ein 799 m hoher Calderavulkan mit meh- 
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reren Kratern, deren jiingster seit September 1949 in standiger 
Tatigkeit ist. Ausser Gasen werden Aschen, Lapilli und La- 
vablocke ausgeworfen, die Forderung ist ein Augit-Hyper- 
sthen-Andesit mit 54.73 bis 55.94% SiO, (Oktober 1958). 
Am 22, Februar 1954 um 12.30 fand ein besonders starker 
Aschenausbruch statt, im Mai ’54 war die Tatigkeit noch 
anhaltend (44). 


baal 73-7 


Die Solfatarentatigkeit im Taalkrater hat sich Anfang 1954 
weiter verstarkt und war jetzt die Dampfforderung doppelt so 
stark wie im Mai 1958 (81). 


Hibok Hibok 71-8 


Nach seiner Ausbruchsperiode 1948-53 beschrankt sich die 
Tatigkeit des Hibok Hibok auf ruhige Dampfabgabe. 1954 
losten starke Regenfalle in der frischen Aschenlage Schlamm- 
stroéme aus und vom 2.-5. Februar 1956 wurden 26 vulkanische 
Beben aufgezeichnet (67). 


Makaturing 7,1-4 


Das starke tektonische Beben am 1. April 1955 im W-Teil 
der Insel Mindanao verursachte Erdrutsche an den Flanken des 
Macaturing, die Meldungen iiber einen Ausbruch des Vulkans 
entsprechen nicht den Tatsachen (62). 


Gelébessee -6,7-5 


Am 18. Februar 1955 hatte der in grosser Tiefe gelegene 
zuletzt 1922 tatige Unterseevulkan in der Celebessee Aus- 
briiche, deren Dampf- und Aschenwolken sich bis 300 m tiber 
den Meeresspiegel erhoben (62). 


Merapi (Java) 63-25 


Von den zahlreichen Vulkanen Indonesiens liegen nur 
einige diirftige Nachrichten iiber die Tatigkeit des Merapi auf 
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Java vor. Am 18, Januar 1954 hatte der Vulkan nach vorange- 
gangenen Beben einen heftigen Ausbruch mit bedeutenden 
Glutwolken und Lavaerguss, 68 Personen wurden getotet. Am 
26, Januar Aschenregen bis Semarang, am 30. I. neuer starker 
Explosivausbruch mit hoher Rauchséule und Lavaforderung, 
Anfang Februar traten Lahars auf. Nach dieser Ausbruchs- 
periode war der Gipfel durch Lavaaufstau sehr spitz und an 
3000 m hoch geworden (1943: 291] m),. 

Mitte August 1955 begann eine neue Ausbruchsperiode, 
die sich in Oktober und Dezember verstarkte: Glutwolken, 
Lavaerguss und seismische Unruhe. Am 3. Januar 1956, 6.30 
plotzlicher bedeutender Explosivausbruch mit Glutwolken, 
weitreichenden Aschenfallen und dem Auswurf gliihender 
Lavablécke, Aschenfinsternis in Magelang und Salatiga, die 
Bebenbegleitung war schwach. Am 9. Januar dauerten die 
Ausbriiche noch an und waren jetzt nach NO gerichtet, am 
Fuss des Merapi wurde die Aschenlage bis 5 cm dick (67). 


ANTARKTTS 


Mehrere Bilder aus dem Jahre 1955 zeigen den Erebus 
(4077 m) teils leicht dampfend, teils mit bedeutender Dampf- 
fahne und auf einem weiteren ist die obere Halfte des Kegels 
mit einer frischen Aschenkappe bedeckt. 1956 wurden pe- 
tiodisch grosse dichte Dampfballen ausgestossen, aber kein 
Aschenfall, vom Flugzeug aus sah man den Krater steilwandig 


und sehr tief (58, 67). 


SuLtivAN (53) nennt ausserdem den Sawadowsky in 
der Siid-Sandwich-Gruppe einen eruptiv tatigen Vulkan, gibt 
aber kein Datum an. 1908 sah man auf der Sawadowsky-Insel 
Solfataren mit fliessendem Schwefel. 


AFRIKA 
Oldonjo L’Engai 22-12 


Ende Juli 1954 begann eine neue Ausbruchsperiode des 
Oldonjo L’Engai in Tanganjika, wobei reichlich helle Asche 


EO 


ausgeworfen wurde. N. J. Guesr hat den Vulkan mehrmals 
bestiegen und fand im August reichlich Natron-Absiatze am 
Gipfel. Am Boden des Nordkraters lag ein niedriger Aschen- 
kegel, der periodisch mit rollendem Getése und Gluterschei- 
nungen Asche und Lavablocke auswarf, Die Fumarolentatigkeit 
im Krater verstarkte sich nach Regenfallen. Ende September 
war der Zentralkegelkrater erweitert, die ausstro6menden Gase 
rochen nach SO, und H.S. Im Dezember wurden mehr 
Wasserdampfe und weniger Schwefelgase gefordert. Die 
Ascheneruptionen dauerten bis zum 20. Januar 1955 (25, 45). 


Nijragongo 28-8 


Der Nijragongo in der Virunga-Gruppe war 1954 und 1955 
stets tatig und der Glutschein seines Lavasees weithin sichtbar. 
Am 10, September wurde er von A. Hetm bestiegen. Auf dem 
ebenen Kraterboden lag ein 200 m tiefer Einsturzschacht mit 
senkrechten Wanden und auf dessen Boden ein 400 200 m 
grosser kochender Lavasee. Alle 2-5 Minuten erfolgten hieraus 
Explosionen weisser Schwefeldampfballen, die dann einen 


langen Schweif nach W hin bilden (28). 


Nyamlagira 23-2 


Am 20, Februar 1954 entstand am Siidfuss des Nyamlagira 
(Nyamuragira) nérdlich vom Kivusee unter starken Beben der 
Satellit Mihaga, Sein Ausbruch dauerte bis zum 21. Mai, er 
bildete einen 80 m hohen Kegel und ergoss einen 15 km langen 
Lavastrom nach NO, der im August oberflachlich schon 
erkaltet war, In der Gipfelcaldera war wahrenddem nur ein 
Solfatarenfeld mit Temperaturen bis 200° C unter der Ostwand 
tatig (28, 67). 


Cameroon 24-1 


Im Juli 1954 hatte der Vulkan einen Explosivausbruch mit 
hohen Rauchsdulen, dem mehrere Beben vorangingen; kein 
Lavaerguss, die Forderung war basaltisch (67). 
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Vatna - Jokull 


1954 und 1955 waren die subglazialen Vulkane unter dem 
Eisfeld des Vatna-Jokull sehr unruhig. Schon im Januar 1954 
wurde Tatigkeit beobachtet und am 14. Juli begann ein Glet- 
scherlauf vom westlichen Randgletscher Skeidarar-J6kull, der 
sein Maximum am 18. VII. erreichte, als 10 Abflusskanale 
tatig waren. Die ausgeflossene Wassermenge wird auf 3 km® 
geschatzt, Vom Flugzeug aus wurde in oder nahe der Grims- 
votn-Caldera eine dampfende Krateroffnung im Eis beobachtet, 
in deren Umgebung die Eisflache stark zerkliiftet war, Meh- 
rere Tage spater wurde iiber Island ein intensiver Schwefel- 
geruch wahrgenommen, Ende Juli hatte dann der Fluss 
Skeidara wieder die normale Wassermenge. Da von Aschen- 
fallen nichts berichtet wird, hat wahrscheinlich ein subgla- 
zialer Lavaerguss stattgefunden. 

Im Juni 1955 kurzer Ausbruch an einer anderen Stelle 
(Position nicht angegeben) mit hoher Feuersaule und einem 
Gletscherlauf, der innerhalb zwei Stunden 100 Mill. m* 
Wasser ins Meer fithrte. Diese Eruption hinterliess einen 
flachen Krater von 2000 m Durchmesser und 100 m Tiefe in 
der Eisdecke, dessen Eiswande von zahlreichen konzentri- 
schen Spalten zerrissen waren, am Boden lag ein kleiner 
dampfender See. Am 4, September Ausbruch eines Kraters 
42 km nérdlich vom Siidrand des Vatna-Jokull, Schwefelgeruch 
in Stid-Island und Gletscherlauf mit gelbem, nach Schwefel 
riechendem Wasser im Bereich des Flusses Skaftau am West- 
rand des Vatna-Jokull (5, 65, 67). 


EURO Pan. 
Atna 
1954 war der Nordostkrater des Atna stets dampfend und 


oft dumpfe Knalle aus der Tiefe zu horen, Ende Dezember 
erhohte Tatigkeit, 
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Im Mai 1955 begann die Lavasaule wieder zu steigen, die 
Explosionen des NO-Kraters wurden haufiger und die Dampf- 
wolken zeigten Glutreflexe. Am Abend des 29. Juni begannen 
Schlackenauswiirfe und am 380. stand die Lavasaule schon 30 
m unter der Rand der Kraterterrasse. Im Juli war diese Ta- 
tigkeit anhaltend, dabei wurde auf dem Kraterboden ein 
Lockerschlackenkegel aufgebaut, der am 12. VII. 20 m hoch 
war. Am 4. Juli folgten sich die Explosionen mit drohnendem 
Getose alle 2-3 Sekunden, am 7. stiegen Lapillisaulen 700 m 
empor und am 8. erfolgte der erste kleine Lavaerguss aus 
einer Spalte an der Nordseite des Schlackenkegels. Am 18. 
Juli floss ein grésserer Strom nach O in das Valle di Leone, 
der nach 7 Tagen 3 km lang war. Spater fanden weitere kleine 
Lavaergiisse statt, meist in nordlicher Richtung. Im August 
und September war die Zahl der Explosionen in jeder Minute 
etwa 40, Schlacken wurden dabei 300 m hoch geworfen. Der 
Schlackenkegel wurde 90 m hoch, voriibergehend war eine 
zweite Bocca an seiner Flanke tatig. In der zweiten Halfte 
des September liess die Tatigkeit hier nach und dafiir hatte 
der Zentralkrater des Atna vom 22.-24. IX. einen kurzen, aber 
heftigen Ausbruch aus dem im Oktober 1945 entstandenen 
Einsturzschacht. Hier wurde ein 60 m hoher Schlackenkegel 
aufgeschiittet und ein kurzer Lavastrom auf den Kraterboden 
ergossen, der auch die 1949 aufgerissene Spalte zum Teil 
ausfiillte. Nachdem verstarkte sich die Tatigkeit des NO- 
Kraters wieder und traten auch kurze Lavazungen aus. Im 
November wurden alle 3-4 Minuten Lavablocke und Aschen 
ausgeworfen, aber spaterhin wurden die Pausen zwischen den 
einzelnen Explosionen wieder langer und dauerten oft mehrere 
Tage. Die basaltische Forderung hatte ein Volumen von 
3.715.000 m* (18, 29). 

Am 28. Februar 1956 begann eine neue Ausbruchsperiode 
des Atna, iiber die bisher nur Mitteilungen aus der Tagespresse 
vorliegen. Schwarze Rauchsaulen erschienen tiber dem Zen- 
tralkrater und den Donner der Explosionen horte man bis 
Zafferana. Am 29. II. folgten sich die Ausbriiche alle 2-8 
Sekunden. Am 2, Marz Aschenfall bis Catania, ein 150 m 
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breiter Lavastrom floss aus und verzweigte sich mehrmals. 
Nahe dem Ausbruchsapparat vom November 1928 war eine 
neue Flankenspalte mit 7 Kratern tatig. Ab 6. Marz liess der 
Ausbruch an Heftigkeit nach, aber schon am 4. April floss 
wieder Lava aus dem NO-Krater, Aschenfalle und Glutschein. 
Am 5. April folgten sich die Explosionen alle 4-5 Minuten, sie 
warfen Gase, Asche und Bomben aus. Ein Lavastrom war 
am 7. IV. noch fliessend und verzweigte sich ebenfalls. Nach 
einer Pressenotiz vom 16. April soll der Atna um 32 m an 
Hoéhe zugenommen haben und betrug die absolute Hohe 
jetzt 3295 m. In der Nacht vom 10. zum 11. September warf 
der Vulkan wieder dichte dunkle Rauchwolken aus (67). 


Stromboli 


1954 hatte der Stromboli ausser seiner gewohnlichen Ta- 
tigkeit einen Effusivausbruch vom 1, Februar bis 18. Marz. 
der Lavastrom floss an der Nordseite der Sciara del Fuoco 
und ergoss sich 150 m breit ins Meer; Begleitbeben fehlten. 
Am 6. Dezember fand ein starkerer Aschenausbruch mit 
Getose statt und wieder floss Lava nach NW ab. Am 23. 
Dezember begann eine langanhaltende Bebenserie in den 
Liparischen Inseln, die am 27. und 28. besonders stark auf 
Salina spiirbar war. Am Morgen des 29. ergoss sich aus drei 
Quellen ein diinnfliissiger Lavastrom iiber die Sciara, Aschen- 
regen fielen iiber die ganze Insel und am 30. XII. zeigte der 
Vulkan einen langen graugelben Dampfschweif. 

Im Januar und Februar 1955 war die Tatigkeit wiederholt 
von Gluterscheinungen begleitet und am 28. Februar erfolgte 
ein Lavaausbruch an der submarinen Sciara-Flanke wenig 
unter dem Meeresspiegel, vermutlich aus einer Spalte, welche 
die grosse Explosion vom 11. September 1980 gedffnet hatte. 
Die Lavamassen stauten sich hier, sodass am 8, Marz eine 
neue Insel auftauchte, die sich bis zum 12. III. vergrdésserte 
und schliesslich zu einer Halbinsel von rechteckiger Gestalt, 
140 m Lange und 12 m Hohe wurde. Am 22. Marz folgte ein 
weiterer Lavaausbruch aus dem Gipfelkrater, dieser Strom floss 
am Nordrand der Sciara iiber die Lava vom Februar/Marz 1954 


Zp 
hinweg in zwei Armen ins Meer. Die Laven waren schwarz- 
graue Basalte mit 49. 80 und 49. 92 % SiO,. Am 25, Mai stiessen 
im Gipfelkrater ausser zahlreichen Fumarolen zwei Haupt- 
bocchen reichlich Gase aus und hatten periodisch Schlacken- 
und Aschenausbriiche. Ausserdem stiegen alle 15-46 Minuten 
Lavafontanen aus einer kleinen Bocca auf und selten war eine 
vierte, spaltenartige Bocca tatig, die Fontanen erhoben sich 
60-150 m. 

Am 8, Januar 1956 begann wieder ein staérkerer Ausbruch. 
ein Lavastrom floss langsam tiber die Sciara ins Meer; am 7. 
Februar verstarkte sich die Tatigkeit wieder. Spater (Friihjahr?) 
waren zwei Hauptkrater tatig, deren einer am Boden 5 Ein- 
zeloffnungen hatte, aus denen Lavaglut leuchtete und in 
unregelmassigen Abstanden augitreiche Schlacken 200 m hoch 
geworfen wurden, Der zweite Krater war seltener tatig, die 
Dauer der Ausbriiche schwankte zwischen 20 Sekunden und 
2 Minuten. Im August 1956 folgten sich die Ausbriiche oft 
nach langen Pausen — bis zu 7 Stunden — und warfen unter 
Donnern rotgliihende Schlacken mehrere 100 m hoch (4, 12, 


66, 67). 


Vesuv 


Der Vesuv ist wahrend der Berichtszeit weiter ruhig 
geblieben, obgleich z, B. im November 1954 die Temperaturen 
der Fumarolen bis 870°C anstiegen (67). 


Santorin 


Am 9. Juli 1956 fand auf Santorin ein schweres Beben 
statt, aber keine Eruption des Eliasberges, wie irrtiimlich in 
der Tagespresse berichtet wurde. Die aufsteigenden « Rauch- 
wolken » waren durch Erdrutsche ausgeléste Staubwolken (67). 
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Origin of Cenozoic Petrographic 
Provinces of Japan and Surrounding Areas 


(With 12 figures) 


Abstract 


Three petrographic provinces can be recognized in the 
Cenozoic volcanic fields of Japan and surrounding areas. A 
province of a tholeiite series lies on the Pacific side of the 
Japanese Islands and includes the Izu Islands, whereas that 
of an alkali rock series occupies the Japan Sea side of the 
Islands with a narrow offshoot extending across central 
Honsyii (Honshii) and a continuation westward to Korea and 
Manchuria. A province of a calc-alkali rock series is super- 
posed on the two provinces and occupies the greater part of the 
Japanese Islands exclusive of the Izu Islands and the islands 
in the Japan Sea southwest of Honsyti and north of Kytisyi 
(Kyiishii). The boundary lines between the tholeiite and alkali 
provinces are located very closely to those between the areas 
where earthquakes occur at depths shallower than about 
200 km and those for deeper ones. It is suggested that the 
parental tholeiite magma is produced by partial melting of the 
peridotite layer at depths shallower than 200 km, In the Izu 
Islands, except Nii-zima(Nii-jima) and Kozu-sima(Kozu-shima) 
close to Honsyii, the magma erupts to the surface without 
assimilating granitic material because the granitic layer is 
absent, resulting in volcanoes made up exclusively of the 
tholeiite series. The parental alkali olivine basalt magma is 
produced by partial melting of the peridotite layer at depths 
greater than 200 km. In the Japan Sea region, Korea, and 
Manchuria, it erupts to the surface without assimilating the 
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granitic material, although it passes through a thick granitic 
layer, resulting in volcanoes made up exclusively of the alkali 
series. However, in the Cenozoic orogenic belt of the Japa- 
nese Islands, both types of parental magma assimilate granitic 
material during passage to the surface and erupt to form 
volcanoes of the calc-alkali series. 


Introduction 


It has long been known that most Cenozoic volcanic rocks 
of the Japanese Islands belong to the basalt-andesite-dacite- 
rhyolite series. The occurrence of alkali volcanic rocks in 
some islands north of Tyagoku (Chugoku), southwestern 
Honsyi, and north of Kyiisyi was first pointed out by Kozu 
(1911, 1912, 1913). Tomrra (1985) emphasized the existence 
of a province of an alkali rock suite extending from the Japan 
Sea coast of southwestern Honsyi and north Kyisyi to north 
Korea and Manchuria. He concluded that the parental magma 
of the province is the olivine basalt magma-type of KENNEDY 
(1933) whereas that of the province of the Japanese Islands 
is the tholeiite magma-type which Tomrra considered to have 
been derived from the former by assimilation of siliceous 
rocks, 

Several « volcanic zones » are distinguished among the 
Quaternary volcanoes of Japan, and attempts have been made 
by many authors to find mineralogical or chemical differences 
between the individual « volcanic zones » (Koro, 1916; Tsuya, 
1987; Tanepa, 1951; Karsut, 1954). Karsur showed that the 
rocks of the « Tydkai(Chokai) Zone », which extends from 
southwest of Hokkaido to the Japan Sea coast of northeastern 
Honsyii, have higher Na,O + K,O contents than those of the 
other « volcanic zones », especially than those of the « Nasu 
Zone » lying to its east. 

It is true that some of the volcanoes are arranged in 
definite zones (Fig. 1) and such arrangement is probably 
controlled by major or minor structural weaknesses, However, 
there is no reason to believe that the volcanoes belonging to 
a single zone should have a common parental magma or 
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should have been formed through a common process and 
therefore should have common mineralogical or chemical 
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Fig. 1. - Distribution of the Quaternary volcanoes in the Japanese Islands. 


characteristics. Thus according to Karsur (1958) the rocks of 
Risiri(Rishiri) Volcano, northwest of Hokkaido, have a high 
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alkali content like those of the « Tydkai Zone », yet it lies at 
the northern extremity of the « Nasu Zone » whose rocks are 
generally low in alkalies. Tsuya (1937) divided the « Huzi 
(Fuji) Zone », which extends from central Honsyt to the Izu- 
Mariana Arc, into two subzones according to chemical com- 
positions of the lavas, — the northern subzone (« Huzi Zone » 
proper) being characterized by higher content of alkalies. 
According to Kuno (1952, 1953 c), the rocks of the northern 
subzone have mineralogical characteristics which may be due 
to contamination of magma by granitic or siliceous sedi- 
mentary material (hypersthenic rock series), whereas those of 
the southern subzone are free from contamination (pigeonitic 
rock series). He also demonstrated that the two subzones are 
completely gradational with regard to mineral composition. 

The writer believes that in discussions of relations between 
rock genesis and tectonic environments, lateral variations in 
rock characteristics of separate volcanoes should be examined 
rather than comparisons of the « volcanic zones ». It is also 
necessary to classify the rocks from the view point of recent 
theories of petrogenesis. Confusion appears to exist among 
petrologists concerning the definition of the calc-alkali series 
and the tholeiite series. All andesites are generally considered 
as calc-alkali rocks, but it has been shown that some andesites 
are pure fractionation products of the tholeiite magma whereas 
others are derived through contamination (the calc-alkali rocks) 
(Kuno, 1950; TrttEy, 1950). 
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Igneous Rock Series 


Hotmes (1921) classified igneous rocks into alkali-series 
and calc-alkali-series on the basis of the SiO, value in a 
variation diagram of a rock suite « for the point where the 
lime-curve bisects the vertical distance between the soda-and 
potash-curves ». He also recognized the existence of inter- 
mediate series. 

Later, Peacock (1981) proposed a four-fold classification 
of igneous rocks on the basis of the alkali-lime index which 
is represented by the SiO, value for the intersection of the 
CaO and Na,O + K.O curves of a variation diagram. PEACOcK’s 
method has become so familiar to petrologists that Houmes’ 
original work has been generally overlooked. 

As such a classification is entirely arbitrary, it is inade- 
quate for studying the genesis of igneous rock suites and 
the origin of petrographic provinces. 

The three-fold classification of igneous rocks as shown in 
Table 1 is based entirely on genesis. Pracock’s index can 
distinguish alkali rock series (hereafter called the alkali series) 
from calc-alkali rock series (the calc-alkali series) but fails to 
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distinguish the latter from tholeiite series, Thus, the index 
for the alkali series is generally below 53, whereas those for 
the calc-alkali and tholeiite series range from 55 to 67. How- 
ever, each series has a characteristic assemblage of mafic 
silicate minerals and course of the mineral evolution, 


Table 1. - Igneous rock series 
Tholeiite series 


Tholeiitic basalt —> andesite —> dacite —> rhyolite 
Gabbro —> Fe-rich gabbro —> granophyre 


Calc-alkali rock series 


Olivine basalt —> andesite —> dacite —~> rhyolite 
Gabbro —> diorite —> granodiorite —~> granite 


Alkali rock series 
: ( trachyte 
Alkali olivine basalt —> ) ™ugearite ie alkali 


trachyandesite | rhyolite 
Essexite ———-> monzonite ———— syenite 
Feldspathoid-bearing rocks ——-——————> 


Mineralogy of the rock series 


Tholeiite series. — The evolution of the mafic minerals 
through various fractionation stages has been traced most 
completely in the tholeiite series. In the intrusive masses of 
this series such as Skaergaard (WacerR and Deer, 1989), 
Karroo (PoLpErRvAART, 1944; WaLKER and PoLpervaart, 1949), 
Palisade (Waker, 1940), and Dillsburg (Horz, 1953), the 
evolution is as follows : 


Mg-olivine —> bronzite-hypersthene —> pigeonite Fe-olivine 
diopside ————-> augite —----_——_+ ferroaugite 

The pigeonite has usually been inverted to hypersthene 
owing to slow cooling. 

In some cases such as the Hawaiian quartz dolerite-gra- 
nophyre series (Kuno and others, 1957), Fe-olivine does not 
form and ferropigeonite is the only mafic silicate mineral crys- 
tallizing in the latest stage. An outstanding feature of this 
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series is the absence of OH-bearing minerals except in a few 
examples where they occur in the latest stage. 

The volcanic phase of the tholeiitic mafic magma is re- 
presented by the basalts of Deccan, Columbia River, Parana 
Basin, a part of the Brito - Arctic region, the Hawaiian prim- 
itive shields, and the Izu-Hakone region. According to the 
writer's microscopical observations, these rocks have common 
mineralogy. The groundmass pyroxene ranges from augite to 
pigeonite, with or without subcalcic augite as an intermediate 
member, and silica minerals are present interstitially where- 
ever the groundmass has high crystallinity. Olivine or hyper- 
sthene may occur in the groundmass, but they are invariably 
surrounded by reaction rims of pigeonite. 

The volcanic phase of the tholeiite fractionation products 
is the pigeonitic rock series (abbreviated as P series in this 
paper) which was first recognized in rocks of the Izu-Hakone 
region (Kuno, 1950). It covers a composition range from olivine 
basalt to pyroxene dacite and is characterized by the occur- 
rence of pigeonitic clinopyroxenes in the groundmass. As the 
fractionation proceeds, the groundmass pyroxene changes in 
composition from augite (in basalt) to pigeonite and ferropig- 
eonite (in andesite and dacite). Hornblende and biotite do 
not form in this series. 

Thus the mafic mineral evolution is as follows : 


Mg-olivine —> hypersthene —> pigeonite —> _ ferropigeonite 
diopside ——> augite md 


It was shown elsewhere that the mafic mineral evolution 
of the P series resembles closely that of the Hawaiian quartz 
dolerite — granophyre series (Kuno and others, 1957). The P 
series of the Izu-Hakone region is associated with plutonic 
and hypabyssal rocks containing inverted pigeonite characte- 
ristic of tholeiitic gabbro and dolerite. 

The volcanic phase of the tholeiite series may show mafic 
mineral evolution slightly different from that of the P series 
in the later stage. Thus, in some andesite and dacite closely 
associated with the P series, such as the Asio(Ashio) dikes 
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(see Table 5), a ferroaugite (or ferropigeonite) — Fe-olivine 
assemblage like that common in the intrusive phases is ob- 
served, As the mafic mineral evolution in the early to middle 
stages is essentially the same as that of the P series, these 
rocks may be grouped with this series. However, in some 
Tertiary tholeiitic basalt and associated andesite in Japan, pig- 
eonite does not form and ferroaugite is the only mafic silicate 
mineral in the later stage of fractionation, Such rocks are not 
grouped with the P series. 


Cale-alkali series, — The calc-alkali series is typically 
represented by the volcanic hypersthenic rock series (H series) 
which was recognized also in the Izu-Hakone rocks (Kuno, 
1950). It ranges in composition from olivine basalt to biotite 
rhyolite and is characterized by the occurrence of ortho- 
pyroxene in the groundmass instead of pigeonite. As the frac- 
tionation proceeds, the groundmass pyroxene changes from 
augite plus hyperstene (basalt and andesite) to hypersthene 
or ferrohypersthene (dacite). The mafic mineral evolution is 


as follows : 
Phenocrysts : —— 
Mg-olivine —> hypersthene —> hornblende —> biotite 
augite Ds 
Groundmass : —— 
hypersthene —> ferrohypersthene 
augite Lat any 


Thus Bowen’s discontinuous reaction series applies in_ its 
original form to the phenocrysts of this series. The mineralogy 
of the H series indicates lower temperatures of crystallization 
than those of the P series. In the basalt of this series olivine 
may occur in the groundmass where it is invariably surrounded 
by reaction rims of hypersthene, and silica minerals may or 
may not be present. The olivine phenocrysts often include 
small picotite octahedra. Xenocrysts of quartz and sodic pla- 
gioclase with dust inclusions (Kuno, 1950) are common, Basalt 
having such characteristic mineralogy is often found in the 
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High Cascade volcanoes where it is described under the 
name « olivine basalt » and « basaltic andesite ». The basalt 
of Paricutin Volcano also belongs to this type. 

The rocks of the H series form the greater part of the 
Quaternary volcanoes of Japan and also appear to occur com- 
monly in those of the High Cascades and Andes, so far as 
observed by the writer, 

Some calc-alkali volcanic rocks contain augite alone in 
the groundmass without accompanying orthopyroxene, prob- 
ably because the pyroxenic components crystallizing in the 
groundmass stage had a composition on the augite side of 
the immiscibility field of the pyroxene solid solution. Such 
rocks are found in Pleistocene or Recent lavas of Burma and 
late Mesozoic lavas of Manchuria. 

The plutonic phase of this series is represented by the 
gabbro — diorite — granodiorite association such as the 
middle Miocene intrusive rocks around the Huzi Volcano. In 
this area, there is almost complete gradation from the volcanic 
phase, through the hypabyssal, to the plutonic, all having 
common mineralogical characteristics. 

In gabbro of this series, hypersthene has exsolution la- 
mellae of augite parallel to 100 less abundantly than the tho- 
leiitic gabbro hypersthene, indicating low Ca content in the 
primary phase. Inverted pigeonite is entirely lacking, whereas 
interprecipitate hornblende is common, 

The question whether all granite and granodiorite are 
products of fractionation of the calc-alkali basalt magma is not 
discussed here. 


Alkali series. — The best examples of the alkali series 
~are afforded by the volcanic associations of oceanic islands 
such as Hawaii (Macponacp, 1949) and Mauritius (WALKER 
and Nico.aysEN, 1954). Similar associations are also common 
in non-orogenic continental regions such as East Manchuria 
(Kuno, 1953 b) and Scotland (Batmry and others, 1924). 

The olivine basalt of this series is mineralogically distinct 
from basalts of the other series. It contains Mg-olivine and 
augite (sometimes titaniferous) in the groundmass and also 
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interstitial alkali feldspar instead of silica minerals. Hyper- 
sthene and pigeonite are entirely absent. There is no indi- 
cation of the reaction relation between the olivine and augite, 
and the two minerals continue crystallizing side by side until 
a late stage of fractionation (oligoclase andesite or mugearite 
stage) (Kuno and others, 1957). In some cases this association 
maintains even to the latest stage (trachyte stage) (Barts, 
1942), but usually it is replaced by aegirine, alkali amphibole, 
or biotite in trachyte and alkali rhyolite. 

Feldspathoid-bearing rocks have the same mafic mineral 
assemblage as the feldspathoid-free ones. 

Plutonic and hypabyssal phases of this series are repre- 
sented by differentiated intrusive sheets and laccoliths of 
alkali olivine dolerite, teschenite, and essexite, Comparatively 
simple association of rock types is found in doleritic trachy- 
andesite sheets with schlieren of dolerite pegmatite and tra- 
chyte in the Sidara (Shidara) Basin, central Japan (Fig. 9) and 
olivine-rich dolerite — analcite syenite sheets of Atumi on 
the Japan Sea coast of northeastern Honsyi (Fig. 9). They 
show the same trend of mafic mineral evolution as in the 
volcanic phase. 


Chemistry of the rock series 


The tholeiite series differs from the alkali series in the 
relation between total alkali and SiO, contents as has been 
demonstrated in the Hawaiian rocks (Kuno and others, 1957). 


Hig, 2: = Total alkali — SiO, relation in the tholeiite and alkali series. 
Circles: — the P series (tholeiite series) of the Izu-Hakone re- 
gion; crosses: — the alkali series of the Circum-Japan Sea 
region. 
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Table 2, - Average compositions of rocks of the 
Circum-Japan Sea alkali province (Tomita, 1935). 


& & & S i o is)) ~ 
Po} es | bee) bs i= ce a 
ie Shem fone) ee 8 nts Or es elem 
ja (aes eve eo a Gs ee 
Sher] olay) ieee eaeilel mem tan Mina steSin gee S 
Range = 
of SiO, < 45 | 45-50 | 50-55 | 55-60 | 60-65 | 65-70 Vac ca 
No. of ; | 
peaiets 12 27 14 ll 16 iG eal 


SiO, 20 Pata | 52.85 | 57-51 |) 62.69 | 66:97 |) 7221 
Al,O, 14.94 | 1641 | 17.67 | ISAS | 217,25 1 14.93) Bizsl4 | 
Fe,0, 4.78 3.29 8.17 2.68 2.18 1.55 2.12 


FeO 7.56| 7.20] 5.75| 3.18| 234] 244] 2.95 
MgO | 848| 594| 3.16| 188] 040) 027] 0.16} 
CaO | 11.84| 9.34] 7.61] 4.00| 291) 1298] 0.62 | 
Na,O 8.02 | 344] 424) 5.02] 5.84) 530! 4.26 | 
K,0 150} 2.08] 254) 4.65| 519| 547| 4.49 
HO 288] 145| 114] 108 1551+ 112! 0.84 
Tio, | 210] 219; 171] 111] 085] 048] 0.28 | 
P.O, 1.10| 069] 048) 040} 0.20) 0.09/ 0.04 | 


MnO 048| 020]-0.18) 015] 0.21] 015] 0.09 | 


SI 34 7 17 8 8 oF ie 


| 
d _ Cae ya | 
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 


This is also illustrated in Fig, 2, in which the rocks of the 
Izu-Hakone P series and the Circum-Japan Sea alkali rocks 
are plotted. The two series occupy distinct areas separated 
by line AB. A few alkali rocks whose points lie within the 
field of the P series may be tholeiitic or calc-alkali rocks oc- 
curring within the alkali province, or the analyses may be 
inferior. 

Only the average compositions of the Circum-Japan Sea 
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Table 3. - Average compositions of aphyric rocks of the 
Izu-Hakone pigeonitic rock series (KuNo, 1953 c). 


Rock type Basalt Rise 2 Andesite hee 
Range 40-30 29-20 19-10 9-0 
of SI oe 
No. of 5 26 15 4 

analyses | 

SiO, 49.7 53.8 60.3 | 72.0 
Al,O, iw Migs 14.8 49 | 128 
Fe,0, 2.8 3.7 on | 2.0 
FeO 94 | 9.3 ped 2.5 
MgO 1 | 45 | 25 | 0.6 
CaO 12.0 9.0 6.7 | 3.5 
Na,O 1.8 2.2 3.3 ar | | 
K.O 0.3 0.5 ag 4 1.3 
H,O + Te hen 0.4 04 | 0.5 
sop 0.3 0.4 0.2 0.2 
TiO, 0.6 1.2 ? 0.6 
P.O, 0.1 0.1 oi 0.2 
MnO 0.3 | 0.2 0.2 0.2 
Total 100.1 100.1 100.1 100.1 


alkali rocks and of the aphyric rocks of the Izu-Hakone P 
series are quoted in Tables 2 and 3 respectively. 

The figures in Table 3 were calculated by grouping the 
rock analyses falling within equal intervals of the value 
MgO x 100/MgO + FeO + Fe,O, + Na,O+K,O calculated 
therefrom, instead of grouping them on the basis of equal in- 
tervals of SiO: value. The reason for this procedure is as follows: 
It is known that the SiO, value does not change steadily through- 
out fractionation so that, if the average compositions are cal- 
culated on the basis of equal intervals of SiO:, average values 
for lower SiO, represent wider ranges of fractionation stages 
than those for higher SiO,. On the other hand, when the rock 
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analyses are plotted in the ternary diagram MgO: FeO 
+ Fe,0, : Na,O + K,O, the fractionation trend of any rock 
suite is from the MgO-rich side of the diagram to the MgO- 
poor side; in other words, the value MgO x 100/MgO + FeO 
+ Fe,O, + Na,O + K,O invariably decreases as the fraction- 
ation proceeds. It has also been shown elsewhere (Kuno and 
others, 1957) that, through the fractionation of the Skaergaard 
tholeiite series and the Hawaiian alkali series, this value changes 
steadily with the amount of residual liquids formed at suc- 
cessive stages. The value has been called the solidification 
index (SI). It is assumed that the same relation holds for 
other rock series, If the rock analyses are grouped on the 
basis of the SI value, each group would represent approxi- 
mately an equal interval of fractionation stages. 

The P series and H series of Izu-Hakone differ from each 
other in the fractionation trend, as shown by plotting their 
compositions in the diagram MgO: FeO + Fe,O, : Na,O 
+ K,O (Kuno, 1958 a). 

For the reason that the SI value represents a measure 
for the amount of residual liquids, it is more reasonable to 
construct a variation diagram for a rock suite by using the 
SI value as abscissa rather than SiO,. In such a variation 
diagram, the SI value for the point where the CaO curve 
intersects the total alkali curve would serve to compare the 
fractionation stages of rock suites at which CaO becomes 
equal to Na,O + K,O. The SI value for this point is called 
hereafter the alkali-lime index although it differs from Peacock’s 
alkali-lime index. 

In Tables 4-11, the proposed alkali-lime indices are 
listed for many rock suites together with the corresponding 
CaO values. 

Table 4 gives data for the differentiated intrusive masses 
of the tholeiite series. The index is lower than 11 and the 
CaO value is lower than 5.5 except in the three examples 
from Scotland given at the end of the table which have 
slightly higher indices and CaO values. 


Table 4. - Differentiated intrusive masses of tholeiite 
series. In this and succeeding tables, the locality numbers 
refer to those given in Fig. 5. 


Locality and author 


ye 


Skaergaard liquids 
(WacerR and Deer, 
1989) 


Dillsburg, Penna 
(Horz, 1953) 


Palisade diabase, 

: New Jersey 

(Lewis, 1908; Wat- 
KER, 1940) 


Elephant’s Head dike 
and New Amalfi sheet 
(POLDERVAART, 1944) 
Karroo dolerites in 
general 

(WALKER and Pot- 
DERVAART, 1949) 


Semi (10) 
(Kuno, unpublished) 


Tasmania 


Palolo, Honolulu, Ha- 
waii 

(Kuno 
1957) 


and others, 


Scottish | Carbonife- 
rous-Permian igneous 
rocks 

(ToMKEIEFF, 1937) 


Scottish late Paleo- 
zoic rocks 
(Waker, 1935) 


Glen More Ring Dike 
(BatLey and_ others, 
1924) 


° By extrapolation. 


Boat he Alkali-lime | CaO = 
ock associatio: indet-*") Na OPico 
| 
gabbro-granophyre | 8 5.5 
dolerite 7 5.3 
-granophyre | 
ee es 6 | 5S 
-granophyre 
dolerite 5 49 
-granophyre 
62 a 3 Foe ie See yl 2 eee eee | walNca Be ses Soc pe tae 
dolerite = 
-granophyre 8 te 
quartz dolerite 
-granophyre 8 5.0 
dolerite e = 
-dolerite pegmatite | 2 | 5.0 
quartz dolerite 
pede rl 4.7 
quartz dolerite = 
series MW 5.3 
quartz dolerite, 
tholeiite and salic 17 6.1 
veins 
quartz gabbro 
-quartz diorite 14 6.5 
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Table 5 gives data for the volcanic phase of the same 
series (mostly P series), As judged from the description by 
Banpy (1937), the rocks of Easter Island belong to the P series. 
Similarity of the composition of the Easter dacite to that of the 
Hawaiian granophyre has been pointed out elsewhere (KuNo 


Table 5. - Volcanic tholeiite series 


(mostly pigeonitic rock series). 


wae? eee Alkali-lime | CaO = 
Locality and author Rock association indak Na,O +-K,O | 
Dikes near Asio (12) | pigeonite andesite ae 41° 
(Kuno, unpublished) | -pigeonite dacite | a ; 
‘Yzu-Hakone aphyric|, |, 4. ROG ee "os tsa len ty ie 
rocks (17) es pret hog 9g 4.5 
(Kuno, 1953 c) ees 
Sia seary volwie, eee |U™:™~C~<~SC(iti‘“‘ 
canic rocks (20) basalt—andesite 10 5.6 
(Nacasuima, 1953) | 
Nyohoinagievol| 6 ovaa- tee 
cano (11) andesite—dacite 13 Sl 
(YamasakI, 1954) 
Easter Island basalt—andesite UW 58 
| (BANDy, 1937) -dacite—rhyolite ; 
“Mull tholeiite series | <3. 1) ee Co a 
(BaiLey and _ others, pes ee peste 13 5.8 
1924) 2 
Iceland | , 
(Horrr, 1938) | basalt—rhyolite 18 49 


* By extrapolation. 


and others, 1957). The ranges of the index and CaO values 
in Table 5 are nearly identical to those tor the intrusive phase, 
although the maximum index and CaO values for the volcanic 
phase attain to 18 and 5.8 respectively. The data given in 
Tables 4 and 5 except the three rock suites of Scotland are 
plotted in Fig. 8. The points lie within the field marked as the 
tholeiite series, 
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It may also be noted in Tables 4 and 5:that the tholeiite 
series with ferroaugite (or ferropigeonite) — Fe-olivine as- 
semblage in the later stage have indices lower than 8 (Skaer- 
gaard, Dillsburg, Elephant’s Head dike and New Amalfi sheet, 
Semi, and dikes near Asio) whereas those with ferropigeonite 
only in the later stage have indices higher than 9 (Palolo, Izu- 
Hakone, Sidara, Nyohd-Akanagi, Easter Island, and Mull). 

Data for the H series of Japan, High Cascades, and Pa- 
ricutin are listed in Table 6. That the rocks belong to the 
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-—— Alkali-lime index 


Fig. 3. - The CaO value plotted against the corresponding alkali-lime 
index proposed in this paper. Solid circles: — the tholeiite se- 
ries; open circles: — the H series (calc-alkali series); crosses: 
— the alkali series. 


series has been checked microscopically by the writer or 
ascertained from reliable descriptions. Except those of Izu- 
Hakone rocks, the indices for the H series are higher than 
14 whereas the CaO values lie nearly within the same range 
as those of the tholeiite series. When plotted in Fig. 3, the 
points fall within the field marked as the calc-alkali series 
which is distinct from the field of the tholeiite series. 

The three rock suites of Scotland have an index — CaO 
relation corresponding to that of the calc-alkali series. They 
appear to belong to this series. 

Examples of differentiated alkali intrusive masses in which 
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Table 6. - Volcanic calc-alkali rock series 
(hypersthenic rock series). 


; i Alkali-lime | CaO= | 
Locality and author | Rock association Tlie Na,O +K,O 
Reti@vacancds) Vileln o> | 
(Karsur, 1958) | ee ee ae alle 
(Osima-Osima Volca- 

Te (6) ay basalt—andesite 16 5.9 
Tsui, 1953 

ae Coin ) basalt—andesite 16 6.1 

Asama Volcano (14) andesite—dacite 7 52 

(Tsuya, 1934) 

eae Bed tnasal andesite 10 42 

(Kuno, 19538 c) —dacite—rhyolite a 

“Amagi Volcano (19) | basalt—andesite | Se allt aes 

OO er Ot nN chew boas pawn 

Sidara Tertiary vol- : A 

canic rocks (20) andesite—dacite 14 5.0 

[INS TOOT ok) ga a 

Syodo-sima_ Tertiary 

voleanic rocks (21) andesite 84 5.6 

(Yamacurt, M1951) |] cece i 

Hutago Volcano (22) : : 

HGayan.ctoamey «| gauss —dacite- = cree her a 

Unzen Volcano (23) ; P 

(Hownta, 1936) a ee eh! an ae te 

Aso Volcano (24) ee 

Pre-caldera rocks basalt—andesite iF 5.9 

(YamMacuTI, K., 1938) | —dacite 

Post-caldera lavas andesite—rhyolite 16 6.3 

(Komma and Muxat, 

BESS! = al tet 88 TE ct oneal | ea 

Aira Caldera, pumice 

flows (25) andesite—dacite 16 5.0 

(Yamacutl, K., 1987; | —rhyolite : 

iL) ere MMU et eb cio Sit io). Need ae o 

North-central Casca- ’ 

de Mountains, Oregon eee iif 5.6 

(THaver, 1987) Ayticn aah ane ee PO 

Crater Lake, Oregon | basalt—andesite 20 56 

WV ita gp L042 Niieee | ne acite nn ee ol cite QI. A ouie 

Paricutin Volcano, 

Mexico basalt—andesite 205 Bye 

(Witcox, 1954) eS i be = 


* By extrapolation. 
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Table 7. - Differentiated intrusive masses of 
alkali rock series. 


| Alkali-lime CaO = 


Locality and author | Rock association | ps ie | Na,O-+K,O 
Sidara Tertiary intru- : 

sive sheet (20) eae + 16 | 5.9 
(Kuno, unpublished) |" “telephoto 
Morotu, Sakhalin (1) | dolerite-analcite 21 61 
(Yacr, 1958) | syenite 


5 10 \S 20 25 30 


——  Alkali-lime inaex 


Fig. 4. - The CaO value plotted against the corresponding alkali-lime 
index proposed in this paper. Half-solid circles: — mixture 
of the P and H series; open circles: — rocks of the Circum- 
pers volcanic regions other than Japan (mostly calc-alkali 
series). 


the fractionation trend has been traced by chemical analyses 
are scanty. Table 7 gives only two examples. 

Tables 8 and 9 list data for the volcanic alkali series 
(partly intrusive) of the oceanic regions and non-orogenic 
continental regions respectively, No systematic difference can 
be recognized between the values for the rocks of these major 
units of the crust. The index for the alkali series (Tables 7, 
8, and 9) ranges nearly within the same limits as those for 
the calc-alkali series, whereas the CaO value for the alkali 
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Table 8. - Volcanic alkali rock series of oceanic islands. 


Locality and author Rock association pee ne Wee ee O 
Hawaiian Islands : : 
(Cross, 1915; Wasu- 

INGTON, 1923; WasH- 

INGTON and Keyes, 

1926; | Macponatp, a 

1940, 1942, 1947: basalt—trachyte 16 6.8 
MacponaLp and Pow- 

ERS, 1946; Went- 

wortH and W1n- 

OE Sy a Deere, RM erasure airtel motte aN aren Te 

§| Marquesas Islands basalt—trachyte, 15 71 

g (Cusp, 1930) phouolite 0 A ac gee Le Teen ae 
“Samoan Islands || yt 
q (MacponaLp, 1944) ee eas pamela nae : roe | aa oe ws 

e ne basalt—phonolite 

| Tahiti Island essexite—nepheline 16 8.0 
(Wittiams, 1933) syenite 
‘Moorea Island _| basalt—trachyte. 7" ae 
{Wmttams, 1938) |" phonolite de [ee ito 
iC Rae eee Ged ay nana 

s theralite—trachy- = 
one and’ CHUBB, basalt—phonolite me ee 
Peter I Island, Ant- basal traces - 
arctica ACE 16 : 
(Brocu, 1927) ge F 
Mauritius Islands 
(WaLKrER and Nico- | basalt—trachyte 15 6.7 
DASE OO) Pe. | Aaa mene, fcjassapiey, bene ae 
iS a Be ae basalt—trachyte 

g Kerguelen Islands basanite—tephrite 15 6.4 

& (Epwarps, 1938) — ‘phonolite 14 8.5 
Secac (al eed Maas |: oth Osendl sulle | eee 

4| (Crozet 1) pinuaheaes ite 15 7.5 

et eee Leelee ae eft abate Wide ON 
ess ee 16 7.3 
(TYRRELL, 1937) phonolite autres 

trachybasalt 
Jan Mayen bach andes = 
— yandesite 17 6.8 
racking. Ne 

6| Ascension Island | basalt—trachyte 16 6.9 

g| (Davy, 1925). ey Ce Waa NAS nie aa: he 

5 Saint Helena basalt—trachyte, 16 6.8 

SAE ot CE are Oe a2 ee ee Ree eee 
Gough Island basalt—trachyte ile 7.6 


(Barty, 1942) 
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Table 9. - Volcanic alkali rock series of non-orogenic 


continental regions. 


(WittiAMs, 1936) 


citite 


Locality and author Rock association Spe a laa 
Circum-Japan Sea | trachybasalt-tra- 
province chy-andesite-tra- 15 0) 
ATomarra, 1985) chyte-rhyolite 
Saisyi .iskanda’South." |". see tat Ace 
scat de (27) basalt-trachyande- 18 72 
(Haracuts, 1930) | Site-trachyte 
Rast Manchuria pla-*; °° = +... heey Nouut? ele ee 
teau basalt (28) basalt-mugearite 16 6.4 
(Kuno, unpublished) | 
Neath acd Sihaae eee 
Oh. Mann leucite basanite 81 7A 
A080, 10881088) le ee 
Fast,Otago, .. . ko -- oa eam) se 
(TurRNER and VER- 
HOOGEN, 1951) 
Strongly | deformed | basalt-trachyte, 13 7.0 
subprov. phonolite 
Moderately deformed | basalt-mugearite- 14 7.8 
SUD DIOV Ecc itieceenes lS nephelinite hess Seah. peed 
cae District, Au- bas alt-trachy- ae 
(Bovanps) 1040) 5 Taine ee 
Central Victoria, Au- | basalt-olig. bas | = | | 
stralia -trachyte, phono- 17 6.5 
(Epwarps, 1988) |. Ne ae See 
Ross Island, Antarc-| basalt-tephrite | = =|} © 
tica -trachyte - phono- 17 ta 
(Stewart, 1056) | Lite ce sae ek eh eid 
Scottish Carboniferous- teschenite series 20 7.2 
Permian igneous rocks he sain ineae Ns 19 7.5 
(Tomxemrr, 1987) olivine basalt se- 18 6.1 
? ries 
ial ar ag ee 
series basalt-mugearite 16 
(Bartry and others, | -trachyte 6.1 
Bs ee ee 
Tn aE ee eee 
Africa, alkali rock se- | basalt-tephrite 
ries -trachyte 14 7.2 
{Horms, 1916) 
sea i | Oe 
Laacher See District : i 
nepheline _ basa- 19 9.6 
Ere ee nite, tephrite 
ae ; ee basally angheliaget 1c a ecu 
opi-Navajo District te, sminctte, leu. 36 8.1 


Table 10. - Volcanic rocks including both cale-alkali 
rock series (hypersthenic rock series) and tholeiite 
series (pigeonitic rock series). 


Locality and author | Rock association Alkali-lime oO 


index Na,O+ K,O 
oes OP erdente inci 18 | 4.8 
ea (4) andesite—dacite me: 5.0 
Usu Volcano (5) andesite—dacite 11 4.8 


(Yacr, 1949) 
‘Towada Caldera (7)| ss tC—~™S 
(Kawano, 19389; Ku- | andesite—dacite 12 4, 
No, unpubl.) 


Akagi Volcano (18) 
(Ora, 1952; KatTsu- andesite—dacite 14 5.0 
pea peapUbl Pe eel eat 
Huzi Volcano (16) 
(Tsuya, 19837) 

, Loe sie M aes RIPON» ele oan sn te | 
(26) andesite 18 Bye 
(Yamacuty, K., 1927) 


series is generally higher. When plotted in Fig. 3, the points 
fall within a distinct field, although it overlaps slightly the 
field of the calc-alkali series. 

Table 10 lists data for rocks of the Japanese volcanoes 
where the P and H series occur side by side and both were 
incorporated in obtaining the index and CaO value. They 
are plotted in Fig. 4, in which the outlines of the three fields 
are reproduced. As would be expected, the points lie either 
in the tholeiite field or in the calc-alkali field or close to them. 

The data for the Circum-Pacific volcanic regions other 
than Japan are given in Table 11 and are plotted also in 
Fig. 4. Most of them fall within the calc-alkali field. The points 
for the rocks of Deception Island, Antarctandes, and the 
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Table 11. - Voleanic rocks of Cireum ~ Pacific Zone, 
mostly cale-alkali rock series but partly tholeiite series. 


Locality and author Rock association ee eA 
Kamchatka volcanoes | basalt—andesite 18 54 
(ToMKEIEFF, 1949) —trhyolite a 
on sts ker ee pia Parte eee ee et alam i 
Islands, ee Cp POS gate 17 5.4 
(Coats, 1952 

Katmai, Alaska basalt—andesite 7 54 
(FENNER, 1926) —trhyolite f Js 
Mount St. Helens, a or 
Washington ee oS 19 Be 
(VERHOOGEN, 1937) 

Newberry Volcano, Bc ee aes ri 
(Wie 1935) ss eT Ve a as 5.8 

ILLIAMS, 

Medicine Lake High |) > == ~~ titi (ité‘“‘;‘CSr 
land, California basalt—andesite 18 

(Powrrs, 1932; An- | —rhyolite 5.9 
DERSON, 1941) 

eee Volcano, Cali- basalt—andesite 99 oi3 

: a 

(WitLiAMs, 1932) —thyolite 
“Central Mexico in- |, 3 Ps iets, erence 
cluding Paricutin basalt—andesite 20 5.6 
(WitiiaAMs, 1950) —thyolite 

Nicaragua . io ies ~ yStln! cotta it hie i 
(Burrt and Sonper, | asalt—andesite 1s a 

19 36) —trhyolite y 
sees = ae :, ee ba ety ee eee ee “the ia 
Patagonia basalt—andesite 15 6.0 
(Larsson, 1941) —dacite j 
Deception Island. Ante.|.j6a5. 1 a aft.) eee) See 
arctica bas asi 

(BartH and Hoitm- asait—an esite 15 6.3 
sEN, 1939; SrEwarT, trachyandesite ; 
1956) 

ae a des ie gasestiyins Meee oben SOO. ek i ae ea aren 
arctica andesite-dacite 18 Sih 
(Stewart, 1956) 


(To be continued) 
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is “tae Alkali-lime CaO = 
Locality and author Rock association | index Na,O +K,O 
Northeastern part of 
North Island, New 
Zealand 
Hantly-Kawhia sub- | basalt—andesite | 18 6.6 
division nepheline basalt 
(HenpERSON and 
GrancGe, 1926) 
Waihi, Coromandel | andesite—rhyolite | 12 4.7 
(Morcan, 1924) 
Aroha subdivision andesite—dacite 18 4.9 
(HENDERSON and —trhyolite 
BartrruM, 1918) 
Rotorua-Taupo region | basalt—rhyolite 14 5.4 
(GrancE, 1937) 
Quaternary volcanic ; 
rocks, Sumatra Soak 16 5.6 
(WeESTERVELD, 1952) Cae ae 
Krakatau group basalt—andesite | 6 5.7 
(WESTERVELD, 1952) | —dacite—rhyolite I : 


Hantly-Kawhia subdivision, New Zealand, fall within the al- 
kali field. The Deception rocks are unusually high in Na,O, 
yet their mineralogy corresponds generally to that of the calc- 
alkali series (BAarrH and Hotmsen, 1989). The Hantly-Kawhia 
rocks are associated with nepheline basalt (HENDERSON and 
GrancE, 1926) and appear to be allied to the alkali series. 


Origin of the rock series 


As seen from Tables 4, 5, 7, 8, and 9, the tholeiite and 
alkali series occur in the oceanic and non-orogenic continental 
regions and also in the orogenic belts. The calc-alkali series 
is characteristic of the orogenic belt and is entirely lacking 
in the oceanic regions. These facts strongly indicate that the 
tholeiite and alkali series are simply fractionation products of 
parental tholeiite and alkali olivine basalt magmas respectively, 
whereas the calc-alkali series is formed by fractionation of 
basaltic magmas contaminated by sialic materials. 

From study of the Hawaiian basalts, Kuno and others 
(1957) concluded that neither the tholeiite magma nor alkali 
olivine basalt magma is the derivative of the other but that 
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the two types of magma are generated independently by 
partial melting of the peridotite layer under different sets of 
temperature and pressure. It is also suggested that the tho- 
leiite magma is formed at shallower portions of the layer, 
that is, under lower pressure, where the incongruent melting 
of enstatite, one of the constituents of the peridotite, would 
give rise to oversaturated liquid, whereas the alkali olivine 
basalt magma is formed in deeper portions where the olivine 
and enstatite of the peridotite would melt simultaneously to 
produce undersaturated liquid. 

The evidence for contamination in the H series is the 
common existence of quartz and sodic plagioclase xenocrysts 
in the mafic members (Kuno, 1954). The plagioclase contains 
dust-like inclusions of glass which was formed by incipient 
melting of the mineral. In the salic members, the quartz xe- 
nocrysts appear to have been completely resorbed, whereas 
the plagioclase xenocrysts with dust inclusions remain in the 
core of some phenocrysts (Kuno, 1950). 

The H series closely associated with the P series is most 
probably derived from the parental tholeiite magma _ con- 
taminated by granitic or sedimentary rocks. 

On the other hand, in certain volcanoes (see Table 18) 
as well as in Tertiary volcanic fields of Japan, such as the 
Noto peninsula and Setouti region, the H series is closely 
associated with alkali olivine basalt whereas tholeiitic basalt 
is entirely absent. Thus the derivation of the H series from 
the alkali olivine basalt magma is strongly indicated. Some 
alkali olivine basalt containing partly resorbed xenocrysts from 
granitic rock has orthopyroxene in pegmatitic patches or in 
cavities, representing transition in mineralogy to the H series. 

Olivine phenocrysts in alkali olivine basalt commonly 
contain inclusions of small octahedral picotite, but this fea- 
ture has rarely been observed in the Japanese tholeiites. 
Picotite inclusions are common in olivine phenocrysts in the H 
series also. 

From these facts it is almost certain that some rocks of 
the H series are derived from the alkali olivine basalt magma 
and the remainder from the tholeiite magma. 
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Distribution of the rock series in the 
Quaternary volcanoes of Japan 


_ Because the classification of the rock series based on the 
mineralogical characters is consistent with the chemical clas- 
sification as shown in the foregoing section, we can distinguish 
the rock series simply by microscopical study of the rocks. 

The association of the rock series in individual volcanoes 
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Fig. 5. - Distribution of the rock series in the Quaternary volcanoes of 
Japan, Korea, and Manchuria. Lines AB and CD represent 
undary between the areas where the tholeiite series occurs 

and that where the alkali series occurs. 
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of Japan and surrounding areas were determined by examining 
many thin sections and also from reliable descriptions. The 
result is shown in Fig. 5. 

As seen in the figure, the volcanoes of the Izu Islands, 
except the three rhyolite volcanoes just south of Izu Penin- 
sula, consist exclusively of the tholeiite or P series, and two 
volcanoes (Taga and Yugawara) on the eastern coast of the 
Izu Peninsula near the northern end of the Izu Islands are 
made up largely of the same series. The tholeiitic aphyric 
rocks of this area have the compositions represented by the 
averages given in Table 3; they have low alkali content and 
a high FeO 4- Fe,O, : MgO ratio. Iwate Volcano in north- 
eastern Japan also consists largely of the same series. The 
tholeiite province of the Izu Islands appears to extend south- 
ward as far as the volcanoes of the inner Mariana Arc. Iwo- 
zima (Iwo-jima), south of the Izu Islands is however made 
up of trachyandesite. 

The volcanoes near the Japan Sea coast of southwestern 
Honsyiti and northern Kyiisyii and those of Korea and Man- 
churia are made up exclusively of the alkali series. The rock 
types occurring in this region are alkali olivine basalt, tra- 
chybasalt, trachyandesite, mugearite, trachyte, and alkali 
rhyolite, with subordinate limburgite, nepheline basalt, basa- 
nite, and leucite vicoite, In central to north-central Manchuria 
there are many recent small cones of leucite basanite (OcuRA 
and others, 1986, 1988, 1989). The average compositions of 
the common rocks of this region are given in Table 2. As 
compared with those of the Izu-Hakone P series the rocks 
have higher alkalies, especially K,O, and higher TiO., P.O., 
and H.O. 

The volcanoes which lie between these two regions and 
are included within the main volcanic zone extending from 
the Kurile Islands, passing through Hokkaido, Honsyi, and 


Kyisyi, to the Ryiikyti Islands are characterized by the calc- 
alkali or H series. However, the volcanoes lying within this 


zone but closer to the Pacific coast are made up of both the 
calc-alkali and tholeiite series, whereas in the volcanoes near 
the Japan Sea coast of northeastern Honsyii and Hokkaido 
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the calc-alkali rocks are associated with alkali olivine basalt. 
The occurrence of this type of basalt together with the cale- 
alkali series is also seen in a volcano south of Ontake Vol- 
cano (15 of Fig. 5) and in Sukumo-yama Volcano (18 of Fig. 5), 
north Izu Peninsula (Kuno, 1954) lying to the west of the 
tholeiitic Izu Islands. 

Chemical compositions of the tholeiitic basalts and mafic 
andesites associated with the calc-alkali series in the vol- 
canoes closer to the Pacific coast are listed in Table 12, and 


Table 12. - Compositions of tholeiitic basalts and 
mafic andesites associated with cale-alkali series. 


SiO, 
Al,O, 
Fe,O, 
FeO 
MgO 
CaO 
Na,O 
K,O 
H,O + 
H,O — 
TiO, 
BO; 
MnO 


Total 


DOF ~ bp Be 


. Masyt’ Volcano (8) (Karsur, 1955). 
. Usu Volcano (5) (Yacr, 1949). 
. Towada Volcano (7) (Kawano, 1989). 


i; 2, 3. 4, 5. 6. 
52.78 | 58.46] 50.79 | 52.29 | 47.83 | 50.78 
19.01 | 1899 | 17.74 | 17.98 | 18.50 | 19.61 
2.48| 2.75| 3.67! 3844| 447/ 1.82 
715} 674| 7.06| 646| 560| 663 
3.78 | 3.82| 5.38| 507| 751] 5.32 
11.08] 9.79} 10.52, 10.05] 10.78; 13.21 
2.21} 247} 2.29| 186] 200! 1.44 
0.30} 048| 028] 083|] 0.24] 0.31 
0.19] 083| 073] 070| 141] 0.295 
0.18 | 0.20! 060| 0388] 1.56] 021 
0.71|/ 106] 078| 081] 054] 093 
025 | 0.92 |.~009| — | -o1071 0.09 
0.18| 0.22| 014] 020! 017/| 0.20 

100.30 | 100.68 | 100.07 | 99.57 | 100.21 | 100.75 
1954). 


. Nyoho-Akanagi Volcano (11) (YamasakI, 
. Hakone Volcano. Analyst, Katsura. 
. Hakone Volcano (Nacasuima, 1953). 
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Table 13. - Compositions of alkali olivine basalts 
associated with calc-alkali series. 


iE 4 By Risiri Volcano (2) (Karsur, 1953). 
4, 5. Osima-Osima Volcano (6) (Karsur, 1958). 
6. Itinomegata maar (8). Analyst, Karsura. 


The rock contains abundant xenocrysts derived from granite. 


Vee cae espe ear ary ia? 8: 
SiO, | 49.26|49.58 |49.60 |48.89 |49.90 | 52.42) 47.95] 48.10 
ALO, 17.71/16.88 | 16.06 | 15.00 |16.05 16.76] 16.46] 16.68 
Fe,0, 2.67| 4.19 | 4.05 | 292 | 5.03} 3.59] 4.40] 3.88 
FeO 7.12| 5.97 | 7.10 | 641 | 5.55 | 4.42) 5.86] 7.75 
MgO 7.91| 5.29 | 6.12 |10.60 | 7.03 | 6.42} 8.99] 8.89 
CaO 10.01/ 10.75 {10.86 |10.91 }10.51 | 8.18] 10.46] 10.48 
Na,O 3.08] 3.85 | 2.76 | 1.95 | 2.15 | 2.27] 2.72) 251 
K,0 0.56] 0.88 | 0.86 | 1.13 | 192 1.40} 1.09} 0.46 
EMenee 0.36} 0.61 | 0.54 | 0.64) 0.26 2.54) 0.87] nd. 
TO 0.17| 0.24 | 0.12 | 0.12 | 0.06 | 1.02] 0.28] nd. 
TiO, | 1.95; 141] 1401} 1.02] 1.19} 0.61 1.09! 0.78 
P.O, | 0.19] 0.08 | 0.17 | 0.05 | 0.23 | 0.21! 041) 0.15 
MnO | 0.05] 0.25 | 0.21 | 0.25] 0.14 | 0.17] 0.21} 0.54 
Total Boge 99.98 |99.85 |99.89 |99.92 | 100.01) 100.29] 100.17 


7. Lava plateau south of On-Take Volcano (15). Analyst, HARAMURA. 
8. Sukumo-yama, Izu Peninsula (18) (Kuno, 1954). 


those of the alkali olivine basalts associated with the calc- 
alkali series in the volcanoes of central to northern Japan are 
listed in Table 13, All the rocks of Table 12 are poor in al- 
kalies and bear normative quartz, whereas those of Table 13 
are rich in alkalies, especially K,O, and bear normative oli- 
vine except rock No. 6 which contains abundant quartz xe- 
nocrysts. These compositions are plotted in the total alkali — 
SiO, diagram (Fig. 6) in which line AB of Fig, 2 is repro- 
duced, The rocks of Tables 12 and 18 lie within the tholeiite 
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field and alkali field respectively. Thus it is certain that the 
rocks of Table 12 belong to the tholeiite series and those 
of Table 13 to the alkali series, as is also determined by mi- 
croscopical observation. 

In Fig. 5, broken lines AB and CD represent the boundary 
between the regions where the tholeiite series occur with or 
without the calc-alkali series and the region where the alkali 
rock series occur with or without the calc-alkali series. 

In Fig. 7 the alkali-lime indices listed in Tables 5, 6, 9, 
and 10 are indicated as the locations of the corresponding 
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Fig. 6. - Total alkali — SiO, relation in the tholeiitic basalt and mafic 
andesite (open circles) and the alkali olivine basalt (crosses), 
both associated with the calc-alkali series. 


volcanoes, There is a distinct tendency for the volcanoes with 
lower indices to lie closer to the Pacific coast of the Japanese 
Islands, Boundary lines AB and CD which are reproduced 
from Fig. 5 approximately separate the region where the 
indices are higher than 15 from the regions where the indices 
are lower than 14 though with a few exceptions. 

From these facts it is concluded that lines AB and CD 
of Fig. 5 separate the province below which the parental 
tholeiite magma is produced from the province below which 
the parental alkali olivine basalt magma is produced, and 
that the two provinces are superposed along their junction by 
the province below which the parental magmas are con- 
taminated by sialic material to form the calc-alkali magmas. 
The first two are primary provinces and the last one a sec- 
ondary province. This relation is illustrated by Fig. 8. 

The boundary between the two primary provinces and 
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also the outer limits of the secondary province cannot be 
sharply defined. Probably there are narrow overlapping zones 
between the two primary provinces. The existence of a com- 
plete gradation from the area exclusively of the tholeiite 


Fig. 7. - The proposed alkali-lime indices for some Quaternary volcanoes. 


series to that exclusively of the calc-alkali series has been 
demonstrated by the gradual change of the abundance of 
the tholeiitic rocks relative to that of the calc-alkali rocks in 
the volcanoes lying near the boundary of the two areas ir 
central Japan (Kuno, 1958 c), 
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Fig. 8. - Configuration of the petrographic provinces. 


Tertiary petrographic provinces 


Distribution of the different rock series through the 
Miocene and Pliocene volcanic fields is not as well known 
as in the Quaternary volcanoes, Moreover, in some Tertiary 
volcanic fields, such as the Sidara (Shidara) Basin (Fig. 9), 
the tholeiite and alkali series were erupted almost simulta- 
neously. 

In Fig. 9 the localities of the Tertiary tholeiite and alkali 
series are shown. Lines AB and CD of Fig. 5 are again 
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reproduced, Although there are a few exceptions, these lines 
separate the localities of the tholeiite series from those of 
the alkali series. Thus the boundary between the two primary 


Fig. 9. - Localities of the Miocene and Pliocene tholeiite series (solid 
circles) and alkali series (crosses). 


provinces appears to have existed also during the Tertiary 
period approximately at the same position as it is to-day, 
although it may have shifted slightly from time to time. The 


calc-alkali province appears to have covered approximately the 
same area as that shown in Fig. 8. 
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Crustal structure of Japanese Islands 
and origin of the petrographic provinces 


The configuration of the petrographic provinces appears 
to be closely related with the crustal structure as deduced 
from geophysical data. 

According to C. Tsusors (1954) detailed study of gra- 
vity, the Bouguer anomaly has high positive values at va- 
rious places along the Pacific coast of the Japanese Islands, 
especially northeastern Honsyi, and gradually becomes lower 
toward the Japan Sea coast, although there are some irregu- 
larities. This fact indicates that a crustal layer consisting of 
lighter materials becomes generally thinner toward the Pa- 
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Fig. 10. - Crustal structure along an NW - SE section through central 
Japan, based on data by Tamaki. The compressional wave 
velocity for each layer is shown. The horizontal and vertical 
scales are the same. The surface relief is much exaggerated. 


cific coast. The positive anomaly in the Izu Islands is about 
100 to 200 mgals, suggesting a structure close to that of the 
oceanic basin. 

The crustal structure as inferred by Tamaxr (1955) from 
the compressional wave velocities of natural earthquakes 
agrees generally with the results of the gravity measure- 
ments. Fig. 10 is a NW-SE cross-section through central 
Japan constructed by the writer on the basis of TamMaxr’s data 
(the data slightly revised, oral communication). It is seen 
from the figure that the granitic layer (Vp = 5.0-5.5) is lacking 
in the Izu Peninsula but appears to the north of the peninsula 
and becomes thick in the area from the middle of Honsyii 
to the Japan Sea, The Izu Peninsula is directly underlain by 
the basaltic layer (Vp = 7.0-7.5) which continues downward 
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to the M discontinuity lying at a depth of about 20 km. It 
is very likely that the Izu Islands, except the rhyolite islands 
of Nii-zima, Sikine-sima, and K6dzu-sima just south of the pe- 
ninsula, are also underlain directly by the basaltic layer as 
in the Pacific Ocean, as is suggested by the gravity anomaly. 
Dierz (1954) believes that the Izu- Mariana Arc represents 
an oceanic ridge. 

However, as fragments of granitic rocks are sometimes 
found in lavas and pyroclastic rocks of the peninsula (Kuno, 
1954) and also of Nii-zima (Tsuya, 1938), the granitic material 
is present sporadically underneath the peninsula and extends 
to the base of the K6dzu-sima, 50 km south of the peninsula. 
Such fragments have not been observed in the tholeiitic Izu 
Islands. 

It is concluded that the parental tholeiite magma is ge- 
nerated within the peridotite layer below the Izu Islands and 
the northern part of the Izu Peninsula and undergoes simple 
fractional crystallization before eruption to the surface, re- 
sulting in the volcanoes made up exclusively of the tholeiite 
series, In the other part of the primary tholeiite province, 
the same parental magma is also produced, but during its 
passage through the granitic layer, it may or may not be 
contaminated by this material. Both the parental and con- 
taminated magmas undergo fractional crystallization and erupt 
to the surface to form the volcanoes of the tholeiite and calec- 
alkali series (the tholeiite province superposed by the calc- 
alkali province). 

The writer agrees with Macponaty’s (1956) statement that 
the presence of the P series does not in itself indicate the 
absence of the sialic crust; it occurs in both the oceanic and 
continental regions, 

In the alkali province, the parental alkali olivine basalt 
magma is produced within the peridotite layer, Although in 
the Japan Sea area, Korea, and Manchuria, the magma should 
pass through the thick granitic layer, it is not contaminated 
by this material but undergoes simple fractional crystallization 
and erupts to the surface to form the volcanoes made up 
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exclusively of the alkali series. In the other part of the pri- 
mary alkali province, the contamination and fractional crys- 
tallization of the parental magma take place, giving rise to 
the volcanoes made up of the alkali and calc-alkali series (the 
alkali province superposed by the calc-alkali province). Yact 
believes (oral communication) that the alkali rhyolite oc- 
curring in the Oki Islands in the Japan Sea and Hakuto-san 
Volcano on the Manchuria-Korea boundary, is a product of 
contamination of the alkali magma. Slight contamination may 
take place even outside the calc-alkali province. 

The Japan Sea area, Korea, and Manchuria have been 
relatively stable since early Tertiary and have been subjected 
only to block movements, Such circumstance would not favor 
the contamination, The calc-alkali province corresponds ap- 
proximately to a zone of intense folding and faulting that 
started in middle Tertiary and are still going on. In this 
orogenic zone, the parental magmas may have been kneaded 
with the granitic material or may have easily engulfed the 
intensely fractured wall rocks of the reservoir. 

A question arises as to why the tholeiite magma is ge 
nerated on the Pacific side of the Japanese Islands and the 
alkali olivine basalt magma on the Japan Sea side, and in the 
narrow zone traversing central Japan. 

The configuration of the tholeiite and alkali provinces 
appears to have a close connection with the distribution of 
the intermediate to deep earthquake foci first discovered by 
Wapati. According to Wapati and Iwat (1954), the foci of 
these earthquakes are distributed as shown in Fig. 11. Boun- 
dary lines are drawn by the writer so as to separate the areas 
for the earthquake foci 50 to 200 km deep and the area for 
deeper ones, These lines are located very closely to the 
boundary lines between the tholeiite and alkali provinces. 
This fact is too striking to be overlooked. A close connection 
appears to exist between the mechanism of magma production 
and that of earthquake generation. It is suggested that the 
parental magmas are produced at the foci of the earthquakes 
which are distributed in the pattern demonstrated by Wapatt 
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Fig. 11. - Distribution of epicenters of earthquakes which occurred from 
1926 to 1953. The depths of the foci are indicated by different 
marks. Reproduced by the permission of Dr. K. Wapartt. The 
lines are drawn by Kuno to show the boundary between the 


areas for earthquakes shallower than 200 km and those deeper 
than that level. 
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and Iwat. The observed correspondence between the lines 
separating the areas for the earthquakes of different depths 
and the boundary lines of the primary provinces would imply 
that the tholeiite magma is produced at depths shallower than 
200 km whereas the alkali olivine basalt magma at deeper 
levels. 

The same relation as regard to the relative depths for 
the production of the two types of magma has been sug- 
gested from the study of the Hawaiian basalts (Kuno and 
others, 1957). 
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Fig. 12. - Schematic profile section across central Japan, showing the 
source of the parental magmas and the places where the 
contamination by the granitic material takes place. Black 


areas: —— the parental tholeiite magma and its fractionation 
products; white areas: — the parental alkali olivine basalt 
magma and its fractionation products; dotted areas: — the 


contamination products (the calc-alkali series). The horizontal 
scale is exaggerated. 


The idea stated above is schematically shown in Fig, 12 
which represents a cross section through central Japan (com- 
pare with Fig. 10), A vertical line is drawn from the point 
where line AB of Fig. 5 meets the cross section. 

A hypothesis proposed by Maruzawa (1953, 1954) is im- 
portant in this connection. He states that shallow earthquakes 
of great magnitude and intermediate to deep earthquakes are 
caused by the expansion force generated when solid rocks 
melt to form magmas. Some of the shallow earthquakes may 
be caused by different mechanisms. Axt (1954) believes that 
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the heat necessary for the melting is supplied from below by 
convection currents within the peridotite layer. 

The distribution pattern of the intermediate to deep 
earthquakes in other parts of the Circum-Pacific zone of 
folding is generally similar to that found in the Japanese 
Islands. We must investigate whether the correspondence 
between this earthquake pattern and the distribution of pri- 
mary tholeiite and alkali provinces also applies to the other 
parts of this zone. 
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Gigantic eruption of the Volcano Bezymianny 


(With 89 plates) 


Introduction 


On October 22, 1955, after a three week swarm of 
earthquakes, for the first time in history a lengthy eruption 
of Bezymianny volcano had started. This volcano is located 
in the very centre of the famous Kliuchevskaia group of 
voleanoes in Kamchatka, Its absolute height before the 
eruption was 3085 m, relative height over the base level - 
from 700 m in the North up to 1200 m in the South, Geo- 
graphical position of the crater: 55°58’ North; 160°35’ East. 
North of Bezymianny rises a ruined cone of volcano Kamen 
(4585 m), behind it - Kliuchevskaia sopka (4750 m); to the 
South of Bezymianny a mass of Zimina sopkas (8081 m) is 
found (fig. 1). 

Until recently Bezymianny volcano was not much studied. 
According to preliminary data it consists of a complex mass, 
the southeastern part of which consists of a large extrusive 
dome, and its western part - of a younger strato volcano. 
Before the eruption we are describing, there was an ill- 
defined crater on the summit about 500 m in diameter, which 
has been practically completely filled by.an internal cone 
with a sealed crater of approximately 200 m in diameter. 
From the western rim of the outer crater a deep gorge was 
descending; a second gorge was coming down eastwardly 
and gave birth to one of the heads of the river Sukhaia 
(Dry) Hapitsa (fig. 2). 
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Judging by the shape of the volcano its history must 
have been rather complicated: during the first phase of vol- 
canism a big dome was formed, which could have grown in 
the crater of an old strato volcano, As turning point served 
the formation of the young strato volcano. This moment was 
preceded, apparently, by a lengthy period of repose. As the 
original vent proved to be plugged by a lava plug of the 
dome, the new eruptive centre shifted somewhat to the West 
and the strato volcano was formed in the marginal part of 
the dome, which was partly overlain by young lavas. The 
strato volcano displayed a mixed type of activity; a compli- 
cating feature was the formation of a number of smaller 
lateral domes, The final stage in the life of the volcano was 
marked by the formation of a small internal cone in the 
crater, After that a lengthy period of dormancy began. The 
second turning point was the eruption of 1955-1956, the 
description of which we will give below. 


Course of the eruption 


To make the description easier the process of eruption 
could be divided into the following five stages: 

1, Pre-eruptive stage, which includes the period from 
the first volcanic earthquake until the day preceding the first 
gas outburst of the volcano, namely from September 29 up 
to October 21, 1955. 

2. Stage of strong ash eruptions of Vulcanian type - be- 
ginning with October 22nd until the end of November, 1955. 

3. Stage of a moderate activity - from December, 1955 
until March 29, 1956. 

4. Gigantic paroxysmal explosion on March 380, 1956, 

5. Growth and development of an extrusive dome in the 
newly formed crater - beginning with April and up to late 
in the autumn of 1956, 

The total length of the eruption is slightly over a year. 

The eruption took place in the eastern part of the vol- 
cano, unseen from the neighbouring villages. Observations of 
ihe process of eruption had to be carried out from an 


uninhabited region in the upper reaches of the river Sukhaia 
Hapitsa. All the main volcanic phenomena took place during 
the winter of 1955-56, Severe winter conditions were made 
even harder by a frequent and lengthy recurrence of bad 
weather; of additional difficulty were ashfalls, which greatly 
hampered the use of dog-driven sledges - the only possible 
kind of transport in snowy Kamchatka winter conditions. In 
spring the road was blocked for our expeditions by extremely 
violent torrents streaming down from the mountains; *) in 
summer we were suffering from lack of potable water and 
our horses from the lack of grass buried under a thick layer 
of ash, In such difficult and sometimes even dangerous 
conditions constant observations were impossible and we did 
not succeed always to see everything we wanted with suf- 
ficient completeness. 


1) Pre-eruptive stage 


The eruption was preceded by a swarm of numerous 
earthquakes. Their total number before the beginning of the 
eruption was 1285. 

The first shock of this swarm was registered on Sep- 
tember 29, 1955, the displacement came to 11 1. One shock 
every day was registered beginning with October 2nd until 
October 5th, there have been four of them on October 6th, 
five on the 7th; on October 8th the number of earthquakes 
exceeded ten; beginning with October 9, earthquakes were 
counted by dozens a day and beginning with October 12, - 
already 100-200 a day. On October 11th the displacement of 
the ground in Kliuchi exceeded 100u, the epicentre was de- 
termined for the first time (volcano Bezymianny region) and 
its depth (about 50 km), Beginning with October 18, there 
have been shocks with an amplitude of 1000. and more. 
However, owing to a considerable period of the maximum 
phase, shocks in Kliuchi, where registration was taking place, 
were not felt and were only recorded by seismographs, 


*) Under a layer of ash the melting of glaciers in spring of 1956 
was especially intense, 
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The character of this swarm of earthquakes permitted us 
with a considerable degree of certitude to expect the eruption 
at an early date, Epicentres of the earthquakes were falling on 
the area of Bezymianny volcano, which was regarded as extinct. 
This left a shade of doubt that the eruption will take place 
from this volcano, It could sooner be suggested that a new 
lateral crater will burst out near the southern base of Kliu- 
chevsky volcano. And yet this time seismic data gave an 
absolutely exact forecast of the point of eruption. 


2) Stage of strong ash eruptions 


The eruption began about 6.30 in the morning of October 
22nd, At this time white puffs of an eruptive cloud appeared 
beyond the eastern flank of Kliuchevskaia sopka and could 
be seen from Kliuchi. Immediately after the first gas outburst 
emission of ashes began. 

During the first days the eruption was of a moderate 
character; the height of the ash-gas cloud did not exceed 1-2 
km above the crater. However, its intensity grew day after 
day. Beginning with October 26th ashfalls of growing in- 
tensity were taking place in a radius of 40-60 km from the 
volcano. For instance on November 1-3 all works in the 
streets of village Kozyrevsk (45 km West of the volcano) 
had to be stopped because of the ashfall, Weak ashtalls were 
taking place at a distance up to 120-180 km from Bezymianny 
(village Esso in Sredinny (Midle) mountain range - 120 km 
West of the volcano, village Ust-Kamchatsk on the coast of 
Pacific ocean at the same distance ENE of the volcano). In 
the village Kliuchi — 45 km NNE from Bezymianny — by 
November 9th a layer of ashes had fallen 6 mm thick or 
3.5 kg/m’, In the region of our expeditionary camps 1 and 2 
the layer of ashes on the snow at this time reached 3-4 cm. 

The column of ashes was bursting out of the new crater, 
which was formed somewhat below the summit of the vol- 
canic mass, on the boundary between the old dome and the 


young strato volcano, Apparently the vent of the strato vol- 
cano also got plugged up completely, so that the zone of 
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least resistance proved to be the boundary between the two 
old vents and here a new channel had passed. (The question 
stands, naturally, only about the upper part of the channels) 
(figs. 3 and 4), 

Judging by the thickness of the ash jet, the diameter 
of the new crater did not exceed 250 m. The first 160 m were 
passed by the ash cloud in 8 seconds, i.e. with an average 
velocity of 50 m/sec. At the very crater the puffs of ashes 
were literally boiling. 

On November 7th the eruption obviously intensified, In 
camp No 2, 12 km from the volcano, deafening roars of ex- 
plosions were heard, the rumbling spreading also on the 
ground, In the morning of November 7th a layer of ashes 
had fallen 10 mm thick, From the roof of the tent ashes had 
to be shovelled off (fig. 5). 

On November 18th the height of the ash cloud over 
the crater reached 5 km. All night enormous bright lightnings 
were flashing through the eruptive cloud; sometimes they 
were globe lightnings, but mostly linear. Lightnings were 
flashing mainly aside from the crater and mostly on the 
lower margin of the eruptive cloud (fig. 6). The ashcloud 
was drifting eastwards, the ashfall was reaching the coast of 
the Pacific ocean and departing further into the open sea. 
On November 14th the height of the ash column reached 
7.5 km over the crater (10.5 km above sea level) and on 
November 16-20 heavy ashfalls took place in Kliuchy. On 
November 17th it was dusk all day through, light was burning 
in the houses and on the streets, automobiles had their head- 
lights switched on. All work in the street had to be stopped. 
Sometimes the ashfall was so heavy that lighted windows 
and street lanterns could not be seen at a distance of 150-200 
m. During the period from November 16 up to November 21 
a layer of ashes in Kliuchy came to 16.6 mm, which is 10.9 
kg/m?. 70% of this amount fell during twenty four hours of 
November 16th and 17th. From the biginning of the eruption 
to the end of November the total sum of the ashes in Kliuchy 
amounted to 25 mm, which is about 16 kg/m?, During these 
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days ashes fell in a wide stretch going North from the volcano 
to a distance up to 250 km (fig. 7). 

In November explosions considerably enlarged the crater. 
Now it had a diameter of 700-800 m and, being slightly 
elongated in the latitudinal direction, was embracing part of the 
summit of the old dome and the internal cone of the strato 


volcano, 


3) Stage of moderate activity 


Beginning with the end of November, 1955 the intensity 
of the eruption began to fall and by the end of December 
the volcano started on its phase of moderate activity, which 
lasted until March 29, 1956. 

During this period ash eruptions became rarer and much 
weaker: the height of the ash and gas cloud, as a rule, did 
not exceed 1-1.5 km over the crater. From time to time in 
a radius up to 50-60 km ashes would fall, but now ashfalls 
got much weaker than before. So in Kliuchi, for instance, 
ashes were falling at a quantity of 10:20 g/m?, instead of 
kilograms as in the preceding period. More often dense 
snow-white puffs of fumarolic gases would rise from the 
crater to a height of 1-2 km, but they would not contain any 
admixture of ashes. 

On January 25, 1956 it became possible to observe the 
crater of the volcano more detailedly from an airplane (fig. 8). 
Against our expectations, the depth of the crater proved to 
be not great. The bottom of the crater looked like a sloping, 
convex shield and was covered by pyroclastic material, from 
underneath of which sharp spurs of dark lava were protruding 
in two or three places. Apparently, following the explosions 
of November, 1956, which widened the crater, there began 
to grow a dome, Its surface was littered by ejectamenta of 
weak explosions which took place from time to time on the 
margins of the dome at a boundary between the dome and 
the vent. Two eruptive boccas could be distinguished, from 
which thick wreathes of steam and gases were exhaled. 
Weaker fumarolic jets were rising in many places along the 
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periphery of crater. There have been, however, no fumaroles 
in the middle part of the crater (fig. 9). 

The growth of the intercrateral dome was accompanied 
by shoves on the southeastern flank of the volcano and now 
the old dome was standing out quite clearly and its boundary 
with the strato volcano became very distinct (figs. 10-11). Espe- 
cially noticeable were movements on the very boundary, where 
a cliff was protruded, speckled with hundreds of powerful 
fumaroles and covered with multicoloured sublimates. 

Early in February the volcano could have been observed 
from our camps 1 and 2. In the southern part of the crater 
often, though weak, explosions were taking place which gave 
birth to minor incandescent avalanches. Sometimes stronger 
explosions happened, raising columns of ashes to a height 
of 2-3 km above the crater and accompanied by more pow- 
erful avalanches (fig. 12). One of these avalanches on Fe- 
bruary 9th reached the foot of the volcano in 50 seconds, 
the velocity of this glowing stream being about 50-60 m/sec 
or about 200 km/h on a grade of 35°. 

Upon comparison of photographs taken at this time 
(fig. 18) with earlier pictures one could see that in the SE 
part of the volcano not only local shifts were taking place 
but that a general uplift of the old dome, which composed 
this part of the volcanic mass, also occurred. The magnitude 
of the uplift was determined as approximating 100 m. The 
new line of the flank perceptibly shifted to the SE and the 
volcano as if was widened. Fig. 14 gives new outlines on the 
background of old ones; we can see that the striking widen- 
ing of the summit was determined not only by an increase 
of the crater, but to a considerable degree (by 230 m) also 
by the growth of the old dome. 

The steepness of this part of the flank obviously in- 
creased - from 380 to 35°. The upper 300 m were built of the 
massive body of the dome and the lower part by a loose 
agglomerate, the formation of new portions of which was 
accompanying the shift of the old dome. Fresh « breccia 
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crust » *) completely covered up a considerable part of the 
eastern gorge. 

The resumption of the growth of the old dome after a 
period of repose during several hundreds of years, and maybe 
even longer, was an exceptional fact and was an evidence 
of an exceptionally high magmatic pressure which could not 
find an outlet in the squeezing out of one intercrateral plug 
alone. 


4) Paroxysmal explosion of March 30, 1956 


On March 30, 1956 a turning stage occurred in the 
process of eruption. On that day a tremendous explosion took 
place which destroyed the top of the volcano and completely 
changed not only its shape but even the relief of the sur- 
rounding terrain. 

The day was very clear and the eruption could be ob- 
served, in that or other form, from all surrounding villages. 
At the moment of the eruption a rather strong volcanic earth- 
quake took place, the time at the focus of which — 17 h, 11 
m. 05 sec. — corresponds, apparently, to the beginning of the 
explosion, This time is well in accord with the time determ- 
ined by the velocity of propagation of the blast, registered 
by barographs of many meteorological stations. 

Line fitter V. P. Soroxin from the village Kamaki (65 km 
NE from the volcano) was the first who noticed the eruption. 
Being at home he felt a « pressure in his ears », ie. a sharp 
change in the atmospheric pressure and immediately under- 
stood that something happened at the volcano. Running out 
of the house, he saw above Bezymianny volcano an obliquely 
directed eruptive column (about 80° to the horizon and in 
an eastward direction), which was impregnated by sparks 
and looked like one consisting of fire **) (judging by the ve- 
locity of propagation of the blast, it must have been 3-4 
minutes after the beginning of the eruption). Above this 
« fiery spout », also in an oblique way, about 45° towards the 


*) Bréches d’écroulement. 
**) Apparently all light effects were connected with the sunset. 
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horizon, puffs of « smoke » were rapidly growing and in 1-2 
minutes hid the tops of all the volcanoes. 4-5 minutes later 
light vapours began to rise along the valley of the river 
Sukhaia (Dry) Hapitsa and at the southeastern foot of Kliu- 
chevskaia sopka, In Hapitsa valley they seemed to be rolling 
in waves and were accompanied by «sparks » (these were 
agglomerate streams). Soon a dense, black eruptive cloud 
with a powerful ashfall, moving towards the observer, hid 
the following course of events, It is interesting to point out 
that the sharp change in pressure resulting in an unpleasant 
feeling in the ears was noticed by many villagers in Kamaki; 
unfortunately there is no meteorological station here and the 
magnitude of the baric wave remained undetermined. 

The most favorable conditions for observations were in Ko- 
zyrevsk: the sun was setting and illuminating the entire picture 
of the eruption and a SW wind in the higher layers of the 
atmosphere was drifting the ashcloud away from Kozyrevsk 
leaving the volcano open. The eruptive cloud quickly ex- 
panded in fan-like shape sidewise and upwards. The lower 
edge of the gigantic « fan » was at a height of 6-8 km, while 
the upper - at about 35 km. The giants of Kliuchevskaia 
group of volcanoes seemed insignificant in comparison with 
this formidable and awe inspiring volcanic cloud (fig. 15). At 
the moment of the eruption all sopkas were clear, but then 
rapidly got enveloped by thick « caps » of atmospheric clouds. 
The vertical velocity of the cloud’s movement was not mea- 
sured, but all eyewitnesses unanimously noted its swiftness and 
impetuosity. Fig. 16 shows one of the early moments of the 
eruption; along with the general majestic picture several im- 
portant facts should be indicated: 1) explosions did not ruin 
the western part of the top of the volcano, 2) the explosions 
were not directed straight upwards, but had a rather strong 
incline towards the East, 3) at the base of the volcano 
ashclouds were rising from descending agglomerate streams, 
one of which was descending into the head of river Studenaia, 
while the second — a more powerful one — into the valley 
of Sukhaia (Dry) Hapitsa. The thick ash wall of the latter 
could be seen also from Kliuchi. 
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From Ust-Kamchatsk the cloud of the main explosion 
was well seen, covering the entire western part of the 
horizon. The cloud itself was impenetrably black, but its light 
margins, illuminated by the rays of the setting sun, formed 
a bright golden rim. In 15-20 minutes after the main explosion 
a narrow gas wedge of one more explosion which could be 
seen only from here. The end of the eruption was hidden 
from Ust-Kamchatsk by a curtain of ashfall over Kumroch 
mountain range, 

On negatives of pictures taken from Ust-Kamchatsk the 
height of the ashcloud could be determined with the greatest 
precision; the top of the ashcloud reached a height of 34-36 
km, and the « wedge » of the following explosion grew for 
another 8-10 km, i.e. up to about 45 km, 

In Kliuchi conditions for observation of the eruption itself 
were the most unfavourable, but that was the direction in 
which the ashcloud of the main explosion drifted and here were 
well seen all the phenomena occurring in the cloud, which 
rapidly advanced from the South. It was not wide, in the 
East and West clear sky could be seen, The cloud was 
curling intensely and quickly changed its outlines, advancing 
towards the North-East. It seemed to be very thick and 
almost tangibly heavy. Together with the cloud came also 
and was growing a rumble of loud thunder accompanying 
incessantly flashing lightnings, About 5.40 p.m., when the cloud 
already passed the zenith, ashfall began; the dirty surface of 
a slightly melted snow was quickly covered by a light-gray 
coating. At first only separate large particles were falling (up 
to 3 mm), which rattled against window glass like hail. By 
5.40 p.m. the ashfall intensified and by 6.20 p.m, it got so im- 
penetrably dark that one could not see his own hand, even if 
brought up to the very face. People returning from work 
were wandering about the village in search of their homes... 
Peals of thunder were crashing with deafening loudness 
without any interruption, The air was saturated with elec- 
tricity, telephones were ringing spontaneously, loudspeakers 
of the radionet were burning out, sparks were bursting out 
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of antennae inlets of radiosets... There was a strong smell of 
sulphurous gas. By 9.00 p.m. the ashfall thinned out and patches 
of starlit sky appeared. During three and a half hours in 
Kliuchi a layer of ash 20 mm thick had fallen (24.5 kg/m?). 

The ashfall embraced a rather narrow zone in the north- 
eastern direction. In the district of Sheveluch volcano (80 km 
from Bezymianny), where at that time a group of employees 
from the Volcanological station was working, the ashfall was 
just as intense as in Kliuchi. At the moment of eruption people 
have been in the valley of a mountain river and the ashfall 
caught them during their ascent to an expeditional cabin. 
Despite the increasing ashfall the group continued to ascend, 
but by 6.50 p.m. it got so inky dark, that a tent had to be 
put up in 800 m from the cabin, This happened in a forest, 
but the tent had to be stretched on skis, because it was im- 
possible to leave the sledges even for a couple of paces. Just 
as in Kliuchy, thunder was rumbling incessantly. By 3 a.m. 
on March 81st the darkness dispersed; a coat of ashes 2 cm 
thick (22.3 kg/m?) was covering the snow. 

A strong ashfall took place also in the mouth region of 
river Ozernaia (about 200 km from Bezymianny); in the vill- 
age Uka (225 km from the volcano) 3 mm of ashes had 
fallen, and in the environs of village Ossora (400 km NNE 
from Bezymianny) the ash cover was about 1 mm. The two 
last points were, apparently, not in the axial part of the 
ashfall, which, probably, was in the Bering Sea, East of the 
island Karaginsky. Thus the ashfall occupied a comparatively 
narrow but long stretch, the width of which hardly reached 
100-150 km and length exceeded 400 km *) (fig. 17). The total 
volume of ashes fallen on this area (40,000 km?) according 
to the most modest estimates comes to 0.4-0.5 km*, 

To the West and South of the volcano no ashfall was 
observed, but there was a strong mist and a noticeable smell 
of sulphurous gas was felt (at a distance over 100 m from 
the volcano). 


*) Thin ashes were caught at height by jet streams, passed over the 
North Pole and on April 3-4, 1956, a thin cloud of volcanic dust was 
seen in stratosphere over western Britain (8). 
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The picture of this explosion was stupendous and greatly 
exceeded everything ever seen by even oldtimers of Kam- 
chatka and yet the entire might of this eruption could be 
grasped only after having visited the volcano and studied the 
consequences of the explosion, 

As a result of the explosion the Bezymianny volcano had 
changed beyond recognition: instead of a regular, slightly 
truncated cone it became a semi-ring caldera-volcano. The 
dome in the SE part was fully destroyed and a new tre- 
mendous crater was occupying not only the summit, but also 
the entire SE flank up to its very base. The new crater 
acquired the shape of a semi-ring 1.5 by 2 km in size, some- 
what elongated in a latitudinal direction. The uneven, breached 
rim of the crater is obliquely truncated towards the SE 
and has the greatest height in the West, descending in the 
East to the very basement of the volcano. The highest point 
of the volcano has decreased by 150-180 m and its absolute 
height now is about 2900 m instead of 3085 before the erup- 
tion, The western gorge on the flank remained, while the 
eastern got completely included into the new crater (fig. 18). 

The valley of the river Sukhaia (Dry) Hapitsa, which 
begins on the eastern flank of the volcano, was completely 
littered at a distance of 18 km by a powerful agglomerate 
flow consisting of a chaotic mixture of ashes, sand and lava 
blocks. Many thousands of secondary fumaroles were rising 
from the surface of the flow. 

The territory surrounding the volcano from the East at 
a distance of 10-18 km was covered by a coat of sand up to 
0.5 m thick, Further eastwards at a distance up to 27-29 km 
the thickness of sand and cinder rapidly decreased up to 
several centimeters. Ashes were not falling quietly from 
above, but were breaking out of the crater with a colossal 
force like a jet of some gigantic sandblast apparatus, Our 
cabin, located in 12 km from the volcano, was literally 
« blown off », not a single board remained. At a di- 
stance of 25-30 km from the crater trunks of trees and bushes 
on the side facing the volcano were stripped bare; on the 
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opposite side the bark was fully preserved (fig. 19). At a 
distance up to 25 km big trees up to 25-30 cm in diameter 
were broken and felled by the force of the explosion (figs, 19, 
20). Our main expedition camp (camp No. 1), separated from 
Bezymianny by a distance of 16 km, several deep valleys and 
barriers of lava flows and thought safe by us, proved to be 
within the zone of destruction, Fortunately at the time of 
explosion there was nobody there and in general, despite its 
strength, the eruption did not result in loss of any human 
lives. 

Ashes of the directed explosion after falling on the 
ground still kept some amount of gases and were very mobile, 
« flowing ». They were rolling down from the elevated parts 
and filled all valleys of the rivers adjoining the volcano, Some 
sand streams were several meters thick. 

At the moment of explosion the ashes were so hot that 
were scorching the bark of trees and bushes at a distance 
up to 27-29 km, and some trunks, belonging apparently to 
dry dead wood, were burning practically completely. The 
snow cover, which reaches here by the end of the winter 
1-2 m, melted under the coat of incandescent ashes completely 
in the axial part of the explosion, and remained only partly 
in more remote points. Glowing material was deposited on an 
area of about 500 km? and the melting of snow was very 
violent. Torrential mud flows (lahars) were formed in the 
valley of Sukhaia Hapitsa and on the flanks of Kliuchevskaia 
and Zimina sopkas, ‘{hese torrents rushed down carrying big 
stones and devastating everything they met on their way. 

The largest mud flow began from the end of the agglo- 
merate stream on Sukhaia Hapitsa; in the bed of the river 
mud accumulations, up to 20 m thick, remained at a distance 
of about 15 km. In the lower part of this mud flow glacial 
boulders are lying weighing up to hundreds of tons and 
having dozens of cubic meters in size. They have been 
brought here by the lahar (fig, 21). The mud here was hotter 
and its higher temperature in the upper section was preserved 
throughout the winter of 1956-1957, 
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Powerful mud flows descended also the flanks of Zimina 
sopka and the SE basement of Kliuchevskaia sopka, but here 
lahars were cold. 

In the axial parts of the mud flows, dense and hardly 
passable forests were literally erased and the trunks carried 
away; sometimes only low, split stumps remained. Nearer to 
the borders of the flows trees and bushes were left standing 
and in some points impassable barricades were formed 
(figs=22'a,°22'b), 

Having reached the river Bolshaia Hapitsa in their mo- 
vement to the East, the mud flows have turned along the 
valley to the North. In the vicinity of camp No 3 all lahars 
merged into one; an hour after the beginning of the eruption 
a mud flow destroyed here several dozens telegraph poles. 
Not only the poles but also trees were moved down like 
grass (fig. 23), The yourta, in which our camp No 3 was lo- 
cated, got completely flooded by mud (in other words the 
level of mud exceeded the level of the river at least by 15 m). 

Further North the mud flow deviated from the bed of 
river Bolshaia (Big) Hapitsa, In the region of stream Chistaia 
(Clear) and lake Urukulon, at a distance of 80-85 km from 
the volcano, the lahar fell into the valley of the river Kam- 
chatka. The lakes Katlynych and Bochkarevo were completely 
piled by debris transported by the mud flow. At the end of 
the lahar a sort of peculiar moraine was formed consisting of 
a chaotic mixture of dirt, trunks and branches of _ trees 
(figs, 24-25). 

A ramified drainage system of channels and lakes safe- 
guarded Kamchatka river from a catastrophic rise of water, 
but the masses of dirt contaminated the water so much that 
it became impotable in Ust-Kamchatsk for a whole week and 
could not even be used for technical purposes. Dirt also 
caused a mass mortality of fish in the river. 

In the « Cheeks » of Kamchatka river (where the river 
cuts the Kumroch mountain range and all streams converge 
into one channel) the rise of water began during the night 
of March 30 to 81st; by the morning of March 8lst the water 
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had risen 11 cm, and by that evening - 33 cm. In the 
morning of April 2nd the rise reached its maximum (35 cm) 
and the normal level was attained only by the evening of 
April 5th, Judging by the speed of the current (0.42 m/sec) 
and the width of the river at that point (314 m), the additional 
volume of water, which fell into Kamchatka river is esti- 
mated at 1.5 < 10’ m‘°, 

As a whole the scheme of eruption on March 30th is 
presented as follows: the gigantic explosion embraced not 
only the summit crater, but also the sqeezing out old dome 
on the SE flank of the volcano. The first explosion was di- 
rected to the SE at an angle of 30-40° to the horizon; in this 
direction a fan-like jet of incandescent ashes was bursting out 
with a tremendous force. The strength of this jet is proven 
by broken trees and peeled off trunks of bushes at a distance 
up to 25-30 km from the volcano, As a result of the explosion 
a large crater open to the East was formed. Its size was 
1.5 x 2 km. Through a breach extremely powerful streams of 
glowing agglomerate and sand material rushed down into 
the valley of Sukhaia Hapitsa. Clouds of ashes over the 
crater and the agglomerate stream rose to a height over 
40 km. NNE of the volcano an ashfall on an area of exceeding 
400 km length took place. The tremendous mass of glowing 
material caused a quick melting of snow, which resulted in 
the formation of torrential lahars, which, in their turn, having 
passed about 90 km and destroying everything on their way, 
fell into the river Kamchatka. 

At the moment of eruption on March 80th the summit 
crater of Bezymianny undoubtedly increased, but mainly 
from the SE side at the expense of ruining the dome; however, 
from the North and West the top of the volcano did not 
change its outlines (fig. 16). After the end of the eruption 
the walls of the crater collapsed and the crater greatly 
widened and the volcano got lower on its western side. Thus 
the picture here reminded the formation of calderas. 
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5) Stage of growth of the extrusive dome and ead 
of eruption 


Following the explosion of March 30th a sqeezing out 
of an extrusive (endogene) dome began in the new crater. 
The growth of the dome, as usually, was accompanied by 
explosions of a weak and moderate force. Very rarely stronger 
explosions took place, like, for instance, the rise of an ash- 
cloud for 8 km over the crater on June 21, 1956. Quite often 
incandescent avalanches were forming, which rolled down the 
flanks of the dome and sometimes through the breach in the 
crater got outside the limits of the volcano for 1-2 km. 

By early July the formation of the dome was mostly 
completed, By this time it reached a height of about 300 m 
above the floor of the crater. 

In August 1956 (fig. 26), the height of the dome was 
determined to be 820 m. The upper 140 m were the massive 
body of the dome, while the lower 180 m were hidden by 
bréches d’écroulement. The diameter of the dome was 340 m, 
its top had a diameter of 230 m and the basement of the 
bréches d’écroulement - 620 m, During this period often but 
very weak explosions were taking place in the dome exposing 
incandescent, glowing lava. Judging by a dull red glow the 
temperature of the lava did not exceed 700°. At the moments 
of explosions small incandescent avalanches were rolling down 
the slopes of the dome (fig. 27). 

On August 27, 1956 the author with a group of employees 
made an ascent into the crater Bezymianny and, in order to 
collect samples of fresh lava, approached the base of the 
dome. In the SW part of the crater at the foot of the dome 
there was a crater-like bocca, from which dense puffs of gases 
were emanating. Unfortunately, the danger of a lengthy stay 
in the crater of an erupting volcano did not permit us to 
study the structure of the crater with more details (fig, 28). 

Late in October we studied the volcano from an airplane 
(fig. 29). Analyses of pictures taken from the air had shown 
that in the place where we observed the SW bocca one more 
dome began to grow. Later measurements, after the end of 
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the eruption, established that the second dome grew to a 
height of 260 m. This dome closely adjoined the first one; 
the common basement of the paired dome was 750 m wide 
and the summit was 820 m wide. 

Late in the autumn of 1956 the eruption was completely 
over and by December of the same year the domes cooled 
so much that, with the exception of the top itself, were co- 
vered by snow entirely. During the following months the 
volcano displayed only an intense fumarolic activity (fig, 30). 


«Vallev— of Len Thousand—Smokes ot 
Kamchatka», 


The most outstanding event in the eruption of Bezy- 
mianny volcano was the gigantic explosion of March 30, 1956 
with all the phenomena which accompanied it and _ espe- 
cially - the formation in the valley of Sukhaia Hapitsa of a 
big agglomerate stream with thousands of secondary fuma- 
roles, This picture so vividly reminded the description of the 
Katmai flow, that we immediately christened this valley as 
« Valley of Ten Thousand Smokes of Kamchatka » (fig. 31). 

We saw the agglomerate flow for the first time three 
weeks after the eruption from the neighbourhood of our 
camp No 1. Endless steam jets were merging in the height 
into one dense cloud, completely hiding the volcanoes Be- 
zymianny and Zimina. Approaching the flow, we discovered 
that the fumaroles were associated mostly with the southern 
part of the valley and were grouped along a rather narrow 
line. Apparently, the fumarole smokes reflected the buried 
river channels. It should be said that previously this region 
had a dissected morainic topography, but now it presented 
a flat plain slightly inclined towards the East. All the rug- 
gedness was buried under a cover of loose agglomerates 
many meters thick. At this time, in April, the flow was not 
yet dissected by river erosion and its surface was quite loose 
(fig. 32), 

In details the agglomerate flow was investigated in 
summer of 1956. By this time its northern edge was cut 
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by a deep bed of the river Sukhaia Hapitsa with plumb 
walls, the surface of the flow was also cut by a whole system 
of shallow beds of intermittent streams; the surface of the 
flow also bore evidences of a passage of channelless surface 
waters and was rather solidly cemented. Under a 2-3 meter 
solid crust the agglomerate remained loose. 

In many points of the agglomerate flow and especially 
in its upper part, small explosion funnels were scattered. 
Explosions were taking place already when the flow stopped 
in its movement and, judging by all signs, were determined 
by a contact of incandescent material with underlying masses 
of ice or snow in places of their especially thick accumu- 
lations. 

The agglomerate flow has rather complex outlines. At 
the moment of eruption the agglomerate, impregnated by 
gases, possessed a great fluidity and could not stay on steep 
flanks of the volcano. That is why there are practically no 
deposits of agglomerates on the flanks of the volcano and 
the flow begins seemingly not from the crater, but from the 
base of the volcano. In the narrow, long pan, which goes 
from the crater SE with a grade of 4-5°, the agglomerate is 
partly preserved but the thickness of the flow here is much 
less than in sections more removed from the crater and this 
part, contrary to the rest of the flow, cooled rapidly and in 
autumn of 1956 was partly covered with snow. Hills adjoining 
the volcano from the E divided the flow into three streams. 
Two of them (central and southern) merged at a distance 
of 5 km from the crater and here the flow is the widest - 4 km. 
The northern branch of the flow divided into two parts, one 
of which ended 15 km from the volcano near our camp No 4, 
and the second - followed the bed of Sukhaia Hapitsa and 
joined the main flow at a distance 10 km from the crater. 
Further down the valley the width of the flow gradually 
diminishes and the flow ends 18 km from the crater. At the 
end of the flow a characteristic swell is located, consisting of 
roughly rounded boulders of fresh lava. This swell reminds | 
an end moraine line. Similar swells we observed also at the 
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end of the route covered by incandescent avalanches of She- 
veluch volcano (1). 

The area occupied by the agglomerate flow is 55-60 km?. 
The thickness of the flow in the marginal northern part 
amounts to 20-25 m, in the central part it is, undoubtedly, 
higher and comes, probably, to 50 m. If we take an average 
thickness of the flow as 30 m, the volume of the agglomerate 
flow will come to 1.8 km’, It is difficult to imagine the scale of 
incandescent avalanches which stormed here under the cover 
of the impenetrable ashfall. 

By summer, fumarolic activity considerably weakened, 
however, thousands of steam jets still rose from the flow. On 
a clear, dry day they could hardly be discernible from a 
distance, but with a rise in the humidity of the air the ap- 
parent condensation of the vapours increased, creating the 
impression of fumarolic activity. The maximum temperature of 
fumarolic gases was 200°, predominant was the temperature 
of 100°, 

The overwhelming majority of fumaroles was associated 
with the walls and beds of perennial and intermittent streams. 
The dependence of the location of secondary fumaroles on 
the filtration of water was quite obvious. 

On clear and hot days mountain glaciers were melting 
more and water was rapidly increasing in the bed of Sukhaia 
Hapitsa. The banks consisting of hot agglomerate material 
were rapidly washed away, creeping down and collapsing into 
the water. Each such collapse caused a steam explosion — a 
peculiar « secondary eruption » (fig. 33) during which ashclouds 
were thrown up to a height of 200-300 m. Especially strong 
were explosion phenomena on those days when showers of 
rain were pouring in the mountains and torrents of water were 
rushing down not only along Sukhaia Hapitsa but also along 
the beds of intermittent streams and all over the surface of 
the agglomerate flow, cutting into it and making new channels. 
On the surface of the agglomerate flow hundreds and 
thousands of centres of secondary explosions were originating. 
Sometimes up went fountains of liquid mud (fig. 34), but more 


ye 


often clouds of ashes and tiny stones, Ashclouds rose to a 
height of 0.5 km and drifted 2-3 km to a side, sowing ashes. 
Quite often pisolites were dropping out of ashclouds, On such 
days our camp No 4 happened to be surrounded sometimes 
by many dozens of secondary explosion centres. The picture 
was really bewitching. 

The water of Sukhaia Hapitsa was overfilled with loose 
material forming a thick but very mobile mud, in which big 
stones were swimming like trees quite easily. Especially 
strange was it to see how in oxbows after waterfalls the 
stones were swimming slowly and whirling in the streams 
of countercurrents. The mass of solid material was 90-95% 
and a pail of such mud gave by the morning only several 
centimeters of water, The tremendous amount of hot material 
collapsing into the water produced a considerable rise in the 
temperature of cold glacial waters; the temperature of the 
glacial river Sukhaia Hapitsa rose to 35-45°, 

Throughout the winter of 1956-1957 the agglomerate 
flow remained warm on the surface and was not covered by 
snow. Fumarolic activity as compared with the summer of 
1956 got by May, 1957 much weaker. 

As will be shown later, reserves of heat in the agglo- 
merate mass of the flow is still sufficiently great and there 
is reason to hope that fumarolic and explosions phenomena 
in the valley of Sukhaia Hapitsa will last for a long time. 


Produets of eruption 


During the first period of eruption - during the phase 
of strong volcanic explosions - the volcano was ejecting a 
considerable amount of ashes, In all cases under a microscope 
fragments of glass were discovered in the ashes, hypersthene, 
plagioclase and small inclusions of magnetite. The glass and 
minerals had the appearance of sharp-edged little fragments, 
i.e. the ashes were representing hypersthene andesite crushed 
in a solid state, The ashes could be a product of crushing 
action in the old dome or maybe rocks of the strato volcano, 
or even mixed ashes. The average ashes had a chemical com- 
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position of a typical andesite. Table 1 gives under No 2 ana- 
lysis of ash, collected after the ashfall of November 7, 1955 
in camp No 2, 12 km from the volcano; for comparison No 1 
gives analysis of lava from the strato volcano. 

Lavas of the eruption of March 30th by their mineralo- 
gical composition differ from the ashes of the Vulcanian 
stage, - they are more acid hornblende andesites. In lavas of 
the agglomerate flow the microscope reveals in a hyalopilitic 
groundmass phenocrysts of plagioclase No 50-55, hornblende 
and, in smaller quantities, hypersthene. A mixture of magne- 
tite is also encountered. Andesite of the dome differs 
from the lavas of the agglomerate flow only by the colour of 
the hornblende: in the agglomerate flow it is predominantly 
green, while in the dome - brown. In both cases crystals of 
hornblende are surrounded by an opacite rim. 

Ashes which fell from the explosion cloud of March 30th 
in Kliuchi by their mineralogical and chemical composition 
were like to lavas of the dome or of the agglomerate flow. 

Sand of the directed explosion, taken in the zone of 
destruction, is a mixture of hornblende and_hypersthene 
andesite, as well as fragments of more basic rocks, appa- 
rently from the Kamen volcano - from the basement of Be- 
zymianny. Fragments of all these rocks are easily distin- 
guishable in larger fractions of sand. 

It should be noted that the fraction of smaller clastic 
material of the agglomerate flow considerably differs by its 
chemical composition from the blocks of fresh lava. Study of 
fragments under the microscope, as well as inspection of 
stones 1-3 cm in size, permitted to establish that the finer 
clastic part of the agglomerate flow consists of a mixture of 
the most varied rocks, including basalts of Kamen volcano. 

Table 1 gives chemical analyses of rocks connected with 
the eruption of Bezymiannaia sopka. Aualyses have been done 
in the chemical-analytical laboratory of the Kamchatka Vol- 
canalogical station of USSR Academy of Sciences, by I. I. 
TOvVAROVA, 


PE 


Chemical composition of lavas 


1 2 3 4 5 6 7 

SiO, 57.69 | 57.82| 59.79 | 59.48} 59.94 58.19 | 59.94 
TiO, 0.92} 0.96] 0.89} 0.65] 0.88] 0.96 | 0.84 
ALO; 17.69| 16.85| 17.30} 17.59 | 17.57 | 17.28 | 17.18 
Fe,0, 2.37| 3.70] 3.79| 408] 3817] 3876| 3.58 
FeO 4.21} 3.84] 315] 293] 322! 286] 3.32 
MnO 0.12! 0.16} 012! 014] 014! 0.19} 0.14 
MgO 4.35| 441| 292| 249| 291] 373] 2.80 
CaO 742| 7.81! 7.16] 682! 697| 7.84] 6.89 
Na,O 3.50/ 3.09] 3.67| 3.66] 3.80] 3.88] 3.46 
K,O 1.20/ 182} 1927] 129] 182] 1.4] 1.23 
Or = 0.08} 0.82] 0.25 010} 0.20] 0.11] 0.16 
H/One 0.20] 0.54] 0.29] 077] 014] 0.491} 0.09 

Total | 99.84 | 99.82 | 100.59 | 100.00 | 100.26 | 99.88 | 99.58 


1 - Hypersthene andesite of stratovolcano. 
2 - Ashes of the first phase of the eruption. Near the base of the 
volcano. 

3 - Ashes of the eruption on March 30, 1956 (in Kliuchi). 

4 - Hornblende - andesite of the first portion of the agglomerate flow. 
5 - Homblende - andesite. Lava of the agglomerate flow. 

6 - Fine fraction of the agglomerate flow. 

7 - Hornblende-andesite of the new dome. 


Gases. Some idea of the composition of eruptive gases 
is given by the analyses of water extractions from fresh ashes. 
In the anion part of the extractions sulphate-ion prevails (up 
to 0.5% to the weight of the rock), then follows chlorine (up 
to 0.2%), always present are carbon dioxide, fluorine and 
boron. 

During heavy ashfalls a smell of sulphurous gas was 
usually felt; analyses of the air in Kliuchi at the moment of 
the ashfall on March 30th established the presence of 2.2 
mg/1 CO, (0.11 %), 0.295 mg/1 SO, (0.01 %) and 0.106 mg/1 
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HCl (0.006 %). This shows that even at a distance of 45 km 
from the volcano at the moment of the ashfall considerable 
quantities of volcanic gases were contained in the air. There 
is no doubt that in the eruptive cloud at the crater concen- 
‘ration of gases was much higher. It is not surprising that the 
ashes absorbed a certain amount of gases and, possibly, of 
volatile sublimates, 

In water extractions from the ashes and in the air hy- 
drogen sulphide was not discovered, but during the ascent 
to the crater and in the flights over the volcano a sharp and 
definite smell of hydrogen sulphide was felt quite distinctly. 
This smell is pervading everywhere on the agglomerate flow 
as well. 

Secondary fumaroles of the agglomerate flow are steam 
jets with a mixture of air and acid gases. So, one of 
the fumaroles, which deposited sulphur, in September, 1956 
had the following composition: (under a temperature of 
about 100°): 74.3 % of water vapour, 9.9% of carbon dioxide, 
0.3% of hydrogen sulphide and 15.5% of air; in addition 
about 0.01 % of methane was present (analyst L. A. BAsHa- 
rINA). The air is poor in oxygen, the ratio of oxygen to nitrogen 
was 1/48 instead of 1/4 in the atmospheric air. Apparently, 
intense oxydizing processes are proceeding in the depth of 
the agglomerate flow, which can partly be connected with the 
carbonization of plants, buried under the mass of agglome- 
rates. Sometimes a mixture of sulphur dioxide was determined 
in the fumaroles, In condensates of fumarolic gas also the 
presence of certain amounts of hydrogen chloride was 
observed. 

Gas, collected after the eruption (in April, 1957) in the 
crater of Bezymianny at the base of the new dome, consisted 
of (with the exception of water vapours): 27.2% of acid 
gases and 72.2 % of air. The air had a normal ratio of oxygen 
and _ nitrogen, 

Sublimates. Around fumaroles of the agglomerate flow 
and the dome sublimates were deposited in abundance con- 
sisting of a mixture of chlorides and sulphates; some fuma- 
roles were also depositing sulphur. 
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Earthquakes associated with the eruption 


The eruption of Bezymianny was preceded and accom- 
panied by numerous earthquakes. Their registration took 
place in Kliuchi, 45 km from the volcano with the help of 
Kirnos seismographs with uniform acceleration 500 in the 
interval from 0.2 to 10 sec. and Kharin seismographs with a 
« peak » characteristic (10.000 acceleration on a_ period of 
0.2 sec.). In both cases the registration was galvanometric 
on photographic paper, 

The total number of shocks in Kliuchy during nine 
months (beginning with October, 1955 up to June, 1956) was 
33150; in other words, every 12 minutes there was an earth- 
quake, This vast material is not completely studied yet and 
we will speak only about the main features of these earth- 
quakes. 

The number of earthquakes and their energy are pre- 
sented in the form of a graph on fig. 35, The lower curve 
shows the total number of earthquakes for each ten days by 
months, the upper curve logarithm of seismic energy in ergs 
for the same periods of time, As the graph shows, the number 
of earthquakes and their energy do not coincide. The number 
of earthquakes in the process of eruption was sharply chang- 
ing, while their energy remained approximately on the same 
level during a lengthy period of time. 

The character of seismicity during the first, preeruptive 
phase of the eruption was described at the beginning of the 
preceding chapter. Without repeating the data presented 
there, we will just point out that during the preeruptive 
period the number of earthquakes and their energy were ra- 
pidly growing and the growth of the energy was surpassing 
the growth of the number of shocks and by the end of this 
period the energy of the earthquakes reached its constant 
value of about 10°° ergs for ten days, while the number of 
earthquakes did not reach the maximum yet and was by the 
end of the period 200-220 shock per day. 

At the beginning of the eruptive stage of the eruption 
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the number of earthquakes rapidly reached maximum values 
of 350-450 per day (up to 3750 shock per ten days). The ab- 
solute maximum of earthquakes for a day took place on No- 
vember 10 (470 shocks) (fig. 36). 

The sharp rise in the number of earthquakes during this 
period of eruption occurred mainly at the expense of very 
feeble shocks, which were virtually not reflected in the 
energy balance, Corresponding estimates show that from the 
district of Bezymianny volcano our seismic station could 
confidently register shocks the energy of which was reaching 
values of about 10'* ergs, which corresponds to explosions of 
about 10'°-10?7 ergs force, i.e. rather moderate volcanic 
explosions. There is no doubt that a sharp increase in the 
number of earthquakes was determined by a growth in the 
intensity of explosions. By the end of the stage of powerful 
ash eruptions, along with the weakening of explosions began 
just as sharp a drop in the number of shocks. On November 
24th still 803 shocks were registered, while next day their 
number dropped to 100 for a day. In future such high figures 
for the number of earthquakes, as in the middle of November, 
were not observed any more, 

Despite the fact that in December, 1955 and January, 
1956 the number of earthquakes considerably decreased and 
the apparent manifestations of volcanic activity considerably 
diminished, the energy of earthquakes was preserved on the 
same level and we expected a further development of the 
eruption, 

In February, 1956 a certain increase in the number of 
shocks was noticeable, which, apparently, was connected with 
shifts of the old dome and explosions, producing hot ava- 
lanches. 

Beginning with the end of February a steady drop in 
the energy of earthquakes was observed. It seemed that the 
eruption had exhausted its strength and was coming to an end. 
But just at that time, on the decline of seismic energy, the 
gigantic culmination explosion of March 30th took place, 
which was reflected on the curve of the energy as a sharp 
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«peak ». Following this peak seismic energy resumed _ its 
steady drop and by the end of June, 1956 the energy of earth- 
quakes dropped to values of 10'* ergs for one day. Later 
lower values of energy we did not calculate. 

Despite a general drop in the seismic energy during the 
phase of growth of the dome, the number of shocks in April 
and May, 1956 was obviously growing and during some days 
in April reached practically 300 per day. This increase in the 
number of shocks was, apparently, connected with the pro- 
cesses of growth of the new dome. By the end of June the 
number of earthquakes dropped to 1 a day. By this time the 
dome was mostly formed completely. 

An extremely weak seismic activity continued, gradually 
dying down, until the end of 1956. 

All earthquakes, associated with the eruption of Bezy- 
mianny, sharply differ from usual local tectonic and volcano- 
tectonic earthquakes by their large period (2.53 seconds, 
instead of 0.2 sec) and a peculiar maximum phase after the 
arrival of S wave, All larger earthquakes with the minutest 
details repeated each other and had the same source and 
cause; they had a greater depth (about 50 km) and originated, 
apparently, within the magmatic reservoir or in the lower part 
of the volcanic channel. A peculiar form of recording of these 
earthquakes could have been explained, maybe, by the pro- 
pagation of elastic waves through the liquid magmatic 
reservoir, 

The number of earthquakes and partly their energy were 
in direct association with the process of eruption, but, as 
stated above, the curve of the number of earthquakes and 
of their energy did not coincide, The reason of this noncoin- 
cidence lies in the fact that in computing the number of 
shocks all oscillations were taken into consideration, includ- 
ing even the very feeble ones, associated with volcanic ex- 
plosions and other surface phenomena. The energy charac- 
teristic depended mainly upon the stronger shocks, all of 
which, without exception, had a greater depth and were a 
consequence of deeper volcanic processes, which determined 
the general course of the eruption. 
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Some phenomena, associated with the 
explosion of March 30 


The explosion of March 30th was followed by a strong 
earthquake, the records of which sharply differ from the re- 
cords of thousands of preceding shocks. All preceding shocks 
were damped in 5-10 minutes, while this earthquake was 
recorded, gradually damping during 50 minutes. Judging by 
the first arrival, the earthquake had a hypocentre at a depth 
of about 50 km and should have been over rapidly; its lengthy 
duration, is due, apparently, to a recording of a surface 
explosion superimposed’ upon the record of the first earth- 
quake, 

During two days preceding the explosion 2-4 weak earth- 
quakes were taking place every hour. During the 15 hours 
which followed the explosion the number of shocks even 
dropped, and then, beginning with 10 a.m. of March 3lst 
a practically uninterrupted recording began, reminding spas- 
modic volcanic tremor with T-=1 sec. and A=Iw. Be- 
ginning with early April 1st the record became uninterrupted, 
the period increased up to 1.2 sec. and the amplitude up 
to 15-18. Since 8 a.m, the vibration got weaker and since 
4 p.m. the vibrations acquired a discontinuous character and 
began to disappear. As a whole the record reminded a spas- 
modic volcanic tremor; it could also have been a conjoint 
recording of incessant weak earthquakes, which reflected the 
establishment of the depth equilibrium disturbed by the ca- 
tastrophic explosion. 

It is interesting to point out that the explosion of March 
30th was not heard neither near by nor at a distance; some 
observers mentioned only a feeble muffled rumble. At the 
same time all meteorological stations within a radius of at 
least 1000 km registered on their barograms a distinct blast * 
(fig. 37). The rotation speed of the cylinder on usual station 
barographs is small, which makes the precision in determining 


*) Microbarographs recorded the blast on all the world. The blast 
air wave went round the world one and a half time. 
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the time on barograms not very accurate. Consequently it 
was not possible to determine the velocity of propagation of 
the blast in the neighbourhood of the volcano with a sufficient 
accuracy. In the first approximation this velocity for different 
directions proved to be not uniform. In the western direction 
it was somewhat less than the sound velocity; in the eastern 
- somewhat higher (for a distance of 120 km). Such a differ- 
ence is undoubtedly determined by the eastward direction 
of the explosion. 

Comparison of the blast amplitude on different stations 
stresses the influence of the directed explosion even more 
definitely, So, for instance, in Kliuchi and Kozyrevsk, at the 
same distance from the volcano (45 km) the amplitude was 
23.5 and 11.0 millibars correspondingly; for Ust-Kamchatsk 
and Esso (120 km from the volcano) it was 7.5 and 5.0 
millibars (it should be remembered that these points are 
located in two opposite directions from the volcano). The 
amplitude of the blast is inversely proportional to the dis- 
tance from the volcano; If the distance to the points is 
determined where the amplitude of the wave is 1 millibar, 
it will then correspond to 900-1000 km to the East, and only 
500-600 km to the West. Actual data coincide with the 
expected, 

A side effect of the explosion was the formation of 
seiches in the mouth of the river Kamchatka. During the 
explosion the tide was at its maximum and conditions of a 
closed water reservoir were created in the mouth of Kam- 
chatka river. The blast resulted in the formation of standing 
waves - seiches, Their double amplitude came to 10-12 cm, 
and the period to 18.5 min. (fig, 38). At 10.80 a.m. on March 
3lst a full ebb was in action and conditions of a closed 
basin were discontinued and seiches disappeared. 

It should also be noted that during the ashfall on March 
30th a sharp increase in air humidity was observed in Kliuchi 
(fig. 39), though the ashes were falling dry, At the moment 
of eruption the humidity was about 50%; with the beginning 
of the ashfall it began to rise and at 7 p. m. reached 63 %, 
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after which a rapid increase in humidity up to 93 % occurred 
and beginning with 7.20 and up to 9 p.m. a drop to 67% 
took place. It should be remembered that by 9 p.m. the 
ashfall was coming to an end and patches of clear sky began 
to show. In such a way during the ashfall in addition to vol- 
canic gases there was also an increase in the atmosphere of 
water vapours, which was, it seems, directly connected with 
the eruption. 

Let us try to estimate the energy of the blast on March 
30th; we have several ways for this. *) 

1. Having calculated the energy of the earthquake, con- 
nected with the explosion and considering that during the 
explosion about 0.1% of the total energy is discharged as 
seismic energy, it is possible to evaluate the force of the 
explosion. The energy of the earthquake was determined by 
surface waves with the help of a nomographic chart, sug- 
gested by N. V. Suesatin (3). The average value of the 
energy according to data from five seismic stations of the 
Far East (Petropavlovsk, Magadan, Yuzhno-Sakhalinsk, Ku- 
rilsk and Vladivostok) amounts to E = 10?° ergs. From this 
the total energy of the blast is 10° ergs. 

2. The energy of the blast can be evaluated according 
to the air wave of the blast. For the energy of an air wave 
Tayror offers a formula (6): 
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Where R - radius of the earth, H - height of a uniform 
layer of the atmosphere (13000 m), V - sound velocity, 9, - 
density of the air at the ground, » - distance from the 
source of explosion in degrees. 

Replacing in formula [1] numerical values of the 
symbols we get: 


E = 125.10" sing Po? dt [2] 


e/ 


*) Preliminary data (2,9) have been somewhat changed and made 
more precise in this report as a result of later computations. 
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Replacing in [2] P—=A sin wt we have: 


A’t 


= [3] 


E =-1.25.10° sin » 2 


Here A - amplitude of the wave in meteorological mil- 
libars, t - in seconds and E - in ergs. 

For Kliuchi the energy is ‘estimated to be 6.4 x 10”? 
ergs; by data of other meteorological stations the energy of 
the air wave was somewhat less, The average value for the 
energy of the air wave according to records of eight meteo- 
rological stations, situated at a distance from 45 (Kliuchi, 
Kozyrevsk) up to 760 km (Kamenskoe in the mouth of the 
river Penzhina), is 8 < 10°? ergs. This twenty times exceeds 
the energy of the air wave from the explosion of the largest 
hydrogen bomb (1.4 x 10?! ergs, according to YAMAMoTo (7)). 
But this does not mean that the energy of the explosion of 
Bezymianny 20 times exceeds the force of the explosion of 
a hydrogen bomb (4 X 10° ergs). In a hydrogen bomb not 
more than 0.3% of the entire energy goes over into the air 
wave, During volcanic eruptions into an air wave is, appa- 
rently, transferred about 10% of the entire energy, i.e. the 
total energy of the explosion at Bezymianny, according to 
these data, is approximately 3 x 10”* ergs. 

The determination of the energy of an air wave is a 
rather simple problem and a comparison of energy of va- 
rious volcanic explosions would be convenient by the energy 
of the air waves formed. With this purpose all volcanological 
stations should be equipped with microbarographs, in order 
to be able to register large volcanic explosions of any volcano 
on the Earth and weaker explosions in the vicinity of the 
station, 

3, The energy of the explosion could be determined by 


the mass and velocity of ejected material, according to the 
formula: 


mV? 
2 


Ei 


[4] 


— 107 — 


The mass of ejected material can be roughly appraized 
by the volume of the crater formed. At an average diameter 
of 1000 m and depth of crater of 600 m, its volume is de- 
termined as 0.5 cubic kilometers and the mass of ejected 
material at a density of 2.4 as 1.2 x 10°t. 

The original velocity of the explosion can be determined 
by the distance to which the material has been ejected, con- 
sidering the angle of ejection. A maximum distance of a body 
ejected obliquely is achieved at an angle of ejection of 45°, 
which approximates the explosion angle at Bezymianny. By 
the explosion of March 30th eruptive material has been trans- 
ferred to a distance up to 25 km and at the same distance 
trees have been broken by the force of the explosion. Let 
us accept the range of « shot » as 25 km. Then according to 
formula 


the original velocity will be 500 m/sec. Actually this velocity 
was, apparently, even higher, because we did not consider air 
resistance, The original velocity approached, probably, 600 
m/sec. i.e, it exceeded the sound velocity practically twice. 
It becomes clear why for near by meteorological stations, 
located in the direction of the blast the speed of the blast 
exceeded sound velocity. 

The maximum velocity of the blast, apparently, should 
not be used for the determination of the energy, because the 
average velocity was somewhat lower. A mass drop of erup- 
tive material was observed at a distance up to 13 km from 
the volcano, which corresponds to the initial velocity of 360 
m/sec. This velocity we are going to use. 

Putting in the established values of mass and velocity 
into formula [4] we will find kinetic energy of the blast 
amounting to 8 x 10”° ergs. 

As we see, the blast energy determined by three inde- 
pendent methods, despite all the approximation in compu- 
tations, generally speaking coincides, keeping the value of 
n X 10%° ergs. The average value of the explosion of March 
30th amounts to 4 x 10?* ergs. 
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It is possible also to evaluate the original pressure at 
the moment of explosion. Maruzawa thinks (4) that at the 
moment of explosion the Bernoulli law remains actually valid 
for pressure and velocity of the ejected material, i. e. 


2 
ue (6) 


where P - is pressure, ¢ - density of the material, Vo - initial 
velocity. From this for a velocity of 500 m/sec a pressure of 
3000 atm. is obtained, and for a velocity of 360 m/sec - 
1500 atm. 

Judging by the volume (1.8 km*) and mass 3.3 x 10° t) 
of the agglomerate flow, the thermal capacity of the rocks 
(1.1 x 10’ ergs) and the temperature of the explosion (about 
600°), the heat energy of the eruption is determined at 
2.2 x 107° ergs. In such a way the energy of the explosion 
is only about 2% of the total heat energy of the eruption. 
This result is most remarkable from the point of view of the 
role of heat and energy of gases in the process of eruption. 
As we see the energy share of gases is more than modest. 
From this point of view the old premises that « gas is the 
active agent and the magma is a vehicle » (5) should be 
critically reconsidered, Apparently, the main active agent of 
the eruption is the heat energy of the magma, and gas only 
serves to transform this energy into an explosive one and 
the efficiency of a volcano as a heat engine is very low. 
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Conclusion 


Summarizing some numerical values for the eruption of 
Bezymianny we get the following results: total energy of the 
eruption - 2.2 x 10° ergs, explosion energy on March 30th - 
4 x 10° ergs, volume of material ejected by the explosion - 
about 1.0 km‘, its weight 2.4 x 10° t. Volume of agglomerate 
flow - about 1.8 km‘, its weight - 4.8 < 10° t. Initial velocity 
of the explosion up to 500-600 m/sec. Initial pressure up to 
3000 atm. All these figures characterize the eruption of Be- 
zymianny as really gigantic, 


The Bezymianny eruption, by its force, stands in one 
row with the eruptions of Krakatau, Katmai and Mt. Pelée. 
By its character, it is very close to Katmai eruption. 

A comparison of the eruptions of Bezymianny and Katmai 
permits, it seem to us, to establish some errors in conclusions 
regarding the formation of the Katmai agglomerate flow and 
the eruption of Katmai in general. Owing to lack of space 
and time I am not going to discuss this in detail here; in 
the near future I hope to make a special report devoted to 
this subject, 
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View from Kozyrevsk. 
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Fic, 7 - Distribution of ashfalls in November, 1955. 
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Fic. 10 - Old dome on the SE flank of Bezymianny. 
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S. GorsHkoy — Gigantic eruption of the Volcano Bezymianny, 


Fic. 17 - Distribution of the ashfall on March 30, 1956. 
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S. Gorsukoy — Gigantic eruption of the Volcano Bezymianny, 


Fic. 19 - Trunk of an alder, stripped by a hot sand jet at a distance of 16 km 


from the volcano (camp No 1). 
(Photograph by the author). 
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5. GorsHkoy — Gigantic eruption of the Volcano Bezymianny, 


Fic. 20 - Forest felled by the explosion at a distance of 25 km from the volcano. 
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on its margin, April, 1956. 
(Photograph by the author). 
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Fic. 23 - Felled forest in the valley of the r 


Pr. XXIV 


(Photograph by N. K. Krassoy). 
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Fic. 25 - Sketch of the territory embraced by the explosion of March 30, 1956. 1 - boundary 
of the area ruined by the explosion, 2 - agglomerate flow, 3 - mud deposits, 4 - routes 
of mud flows, 5 - expedition camps, 


(Compiled by the author). 
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Fic. 32 - Surface of the agglomerate flow. April, 1956. 
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Fic. 33 - Secondary eruption on the agglomerate flow. August, 1956. 


(Photograph by the author). 
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Fic. 34 - Secondary eruption with a fountain of liquid mud. August, 1956. 


(Photograph by the author). 
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Fic, 35 - Diagram showing changes in the number (1) and energy of earthquakes 
(2) in the course of the eruption. Roman figures show periods of eruption. 
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Fic. 37 - Record of the explosion on March 30, 1956, barogram of Kliuchi me- 
teorological station. 
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Fic. 38 - Seiches on March 80-31, 1956 in the mouth of river Kamchatka (ma- 
regraph record). Reading from conditional zero. 
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Fig. 389 - Change in the air humidity in Kliuchi during the ashfall on March 
30, 1956. 
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Fic. 40 - Sketch of Bezymianny volcano structure. 
1— old dome, 2— bréches d’écroulement, 3— Stratovoleano, 4— lava 
flows, 5— crater in October, 1955, 6— crater in January, 1956, 7— 
crater after the explosion of March 30, 1956. (By the author). 
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Academy of sciences of the USSR 
THE NATIONAL COMMITTEE FOR GEODESY 
i AND GEOPHYSICS 
Section of volcanology 


V. I. VLODAVETZ 


On the underground structure of some 


Volcanoes on Kamchatka 
(With 1 plate) 


The geological structure of volcanoes and of their nearest 
surroundings as well as the shape of their aboveground forms 
gives a general idea about their structure in the depths. 

Openings of the main and lateral volcanic vents (deter- 
mined by the presence of craters, explosion funnels, domes 
and dikes), the structure of faults, sometimes occurring on 
volcanic bodies, as well as exposures disclosed by processes 
of erosion, permit to solve the question regarding the under- 
ground structure of a certain volcano or at least to have some 
idea about it. 

Numerous examples evidence that while some volcanoes 
have very simple forms of volcanic structure, others are much 
more complicated. Even in one volcanic region or one part 
of it, like in northern Kamchatka, for instance, there are 
volcanoes with very varied aboveground forms, which indi- 
cates a difference in their underground structures. Among 
volcanoes with a more complicated underground structure 
are active volcanoes Kliuchevsky, Plosky Tolbachik, Zentralny 
Semiachik, Sheveluch, Uzon, Maly Semiachik, Karymsky and 
some others. 

Zentralny Semiachik is a ruined basaltic cone with two 
craters, on the body of which and next to it there are 16 
andesitic domes, located along five parallel lines of a north- 
eastern trend with two branches going off in a northwestern 
direction. 
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Sheveluch is a basaltic and andesitic volcano, having a 
shape of a relatively gently sloping cone with a sector graben 
in its southern part. In this graben there are radially located 
basalt dikes and laterally placed andesite domes. The latter 
are also found on the southwestern flank of the main cone 
in a row stretching in a north-northwestern direction — along 
a line approximately parallel to the line of the southwestern 
limb of a fault of the sector graben. One dome is located on 
the end of the southeastern limb of the fault of the same 
graben. 

The Karymsky dacitic cone-like volcano is located in a 
caldera, which truncated the adjoining Dvor volcano, built 
of lavas of a basaltic to andesitic composition. In the central 
part of Dvor volcano, in the wall of a fault formed by the 
caldera, there is a small pipe-like outcrop of dacite, which 
is, apparently, an offshoot of the main channel of ascent in 
the Karymsky volcano, 

Thus the question of the underground structure of or- 
dinary volcanoes is solved, in the majority of cases, easily and 
simply, while the problem of the roots of complex volcanoes 
is more difficult and on many occasions different solutions 
are being offered. 

Usually the routes of volcanic channels are mainly de- 
termined by local volcanic and tectonic dislocations and 
partly by regional tectonic fractures, 

The present paper attempts to establish the underground 
structure of Kliuchevsky volcano, characterized by an abun- 
dance of lateral craters, 

Kliuchevsky, a predominantly basaltic volcano, is a 
slightly truncated cone with numerous lateral craters on 
the northeastern, eastern and southeastern flanks, located 
mainly along 12 radii and, supposedly, along 3 arcs. The 
length of the radii is from 6 to 18 km and each of them 
includes from 8 to 11 craters and explosion funnels, The 
length of the arcs is from 4 to 20 km and embraces from 5 
to 9 cones. The distance from the lateral craters to the main 
channel is from 7 to 20 km. In addition several cones are 
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located outside the above mentioned lines. There is also one 
radial dike. 

Such a location of lateral craters along radii and arcs 
raises a question regarding the underground structure of this 
volcano, Is the arcwise and especially the radial location of 
craters associated with deep fractures, reaching the volcanic 
hearth, or is such a location of the craters associated with a 
subsurface injection of lava along the routes going from the 
upper or deeper parts of the main channel ? 

It is usually assumed that the channels of lateral forms 
(craters, cones, domes or their groups and some of the dikes) 
of a complex volcano can be: 

1) offshoots of the main volcanic channel: a) descend- 
ing and b) ascending; 

2) independent channels, going from the volcanic 
hearth, and ; 

8) lateral channels nearest to the main channel being 
offshoots, emerging from the main channel, while the more 
distant lateral channels are directly connected with the vol- 
canic hearth. 

In order to try and solve the question regarding the 
underground structure of Kliuchevsky volcano we compared 
data obtained by S. I. Nasoxo during the eruption of Kliu- 
chevsky volcano in 1987-1989 with the generally accepted 
course of a normal process of differentiation in a_ basaltic 
magma, as a result of which more acid derivates are being 
formed in the upper section of the magmatic hearth and 
more basic ones — in the deeper parts. 

Such a character of differentiation is illustrated by many 
examples, Among the last examples of such kind could be 
the changes in the composition of lavas registered in the 
observations of S. THorartnsson during the latest eruption of 
Mt. Hekla. Pumice ejected during the first hour of eruption 
contained 62 % of SiO,, while ashes which have been emitted 
several hours later contained 57-58% of SiO,. Lava which 
was poured out five months after the beginning of the 
eruption contained 55.4% of SiO., and lava which flowed 
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out a year after the beginning of the eruption contained 
54:25°% of SiOz. 

A similar picture was observed at Kliuchevsky volcano. 
Data on the eruption of 1937-19389 were taken as a basis for 
the deductions made below. During this eruption lava was 
first flowing from the main (summit) crater and later, early 
in February 1988, within a few. hours several lateral craters 
burst open on the eastern flank of the volcano, These craters 
were located in a row on a radius, the highest at about 1900 
m and the lowest at 900 m. 

Volcanic activity of the highest craters stopped rather 
quickly, but the lowest was active for over a year and lava 
was flowing out very often. 

The chemical and partly the mineralogical composition 
of these lavas did not remain the same. It was changing both 
in lavas which flowed out at different heights and also in 
those which were flowing out of the same crater. These 
changes are illustrated by the following table: 


Sue |S8g8 a 
Name of |..328/ 7&4 Time of Saat 
aaa |e os ox Note 
crater os £3 ar outflow a) § S&S 
mee” |See3 * 
Main crater | 4800 0 | May, 1937 54.48 
| 
Kozei 1800 8 | February, 1938 | 53.93 | 
Trety 1260 12 ! February, 1988 | 53.48 
Tiranus 1000 | 14 | February, 1988 | 53.17 | 
Biliukai 900 15 | February, 1988 | 51.08 | from the _ first 
portions of lava 
» 900 15 | February- average of se- 
March, 1938 52.08 | veral outflows 
> 900 15 | June-July, 1988} 52.84 > 
> 900 15 | August-Sep- 
tember, 1938 | 53.24 > 


These figures establish two indisputable facts: 1) lower 
acidity of lavas with a lower place of outpouring and 2) gra- 
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dual increase in the acidity of lavas, which flowed out of 
the same crater, 

It should consequently be assumed that in the upper 
part of the main channel or volcanic hearth there was lava 
of a changing composition - from 54.5% SiO, at the very 
top and up to 51% SiO, at the bottom (to be more precise 
at the lowest horizon of the outflow of lava). 

These facts go to show that magma is not uniform in 
the volcanic hearth and is subject to differentiation. But in 
this paper we are not interested in the differentiation of 
magma, we are concerned with the underground structure 
of Kliuchevsky volcano. That is why we should make use 
of these observations on the changes in the composition of 
lavas for the establishment of the underground structure of 
the volcano. 

The radial and partly arcwise position of lateral craters 
proves the occurrence in the body of the volcano of fractures 
in which channels were formed, but how they are situated 
could only be surmised. 

Here are the main of these surmises: 

1) lavas and other volcanic products had burst from 
the main channel first along one of the lateral channels, and 
then, not far from the surface of the earth, have branched 
into a number of channels; 

2) each lateral crater is connected with the main 
channel by a separate lateral channel; 

3) each lateral crater is connected by separate channels 
with the upper part of the volcanic hearth. 

The suggestion that during an outpour at first one 
channel is followed which later branches into several ones 
contradicts to the above mentioned generally accepted idea 
on the differentiation of magma. 

As more plausible explanation oi the described change 
in the composition of lavas by height and time of outflow 
would be the acceptance of the existence of separate channels 
going from different horizons of the upper part of the vol- 
canic hearth or main channel, if the latter is a big one. It 
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should be remembered that during the 1937-1939 eruption of 
Kliuchevsky volcano a considerable volume of lava was 
poured out and ejected (about 0.5 cubic km). 

As the table shows. the first outflows of lava from the 
main crater were the most acid and contained in rounded 
figures 54.5% of SiO, (length of the flow about 3 km). 

Later lavas flowing out of the lateral craters at short 
intervals one after the other had a varying composition - the 
lower the point of issue of the lateral channel, the more 
basic was the lava composition, So, for instance, lava from 
the lateral crater Kozei contained 54% SiO,, lava from the 
lateral crater Trety, situated 540 m lower, contained 53.5% 
of SiO, (length of the flow 250 m), and lava which flowed out 
of the lateral crater Tiranus, located 260 m below the pre- 
ceding crater, contained 53.2% of SiO, (length of the flow 
1 km). Finally one of the first portions of lava, which had 
flowed out of the lowest crater Biliukai, 100 m below Tiranus, 
contained 51 % of SiO, (total length of the flow 16 km). 

Until this moment the change in the composition of lavas 
was proceeding in the same direction, which is often observed 
in other volcanoes, like, for instance, in the above mentioned 
Hekla volcano, The same procedure took place during the 
1945 eruption of already mentioned Kliuchevsky volcano, On 
the southeastern flank of this volcano a row of lateral craters 
burst open and here, according to B. I. Pup, changes in the 
composition of lavas were observed analoguous to those 
which took place during the first stage of the eruption of this 
volcano in 1937-1989, Bombs from the topmost crater Iubi- 
leiny were more acid than the first portions of lava from 
the lowest crater, and the latest portions of lava (from the 
lowest crater) were more basic than the first, ie. a regular 
decrease in acidity of lavas by height and time of their 
outflow could be observed. 

As to the lavas of 1987-1939 eruption, their further 
change in composition went in a reverse order, The acidity 
of lavas began to increase. Lava was poured out during more 
than a year only from the lowest crater Biliukai and the 
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average SiO; content in lavas which flowed out 1-2 months 
after the beginning of the eruption of Biliukai was 52%, in 
5-6 months - 52.8%, and in 7-8 months - 58.2%. The ob- 
served increase in the acidity of lavas could hardly be ex 
plained by processes of assimilation. 

If the changes in the composition of lavas which have 
been registered during the first stage of eruption, approx- 
imately until the middle of February, 1988, could be ex- 
plained by the following in time and gradual in their expanse 
outflows of a somewhat differentiated (vertically) lava along 
one or several lateral channels emerging from the main 
channel or the upper part of the volcanic hearth, the reverse 
change in the composition of lavas observed during further 
outflows from the lowest crater, could be explained by the 
presence of only separate lateral channels, branching off 
from the upper part of the volcanic hearth or from the main 
channel, if it is of a big size. 

As lava was flowing out of the lowest crater, apparently 
connected by a separate channel with the lowest (relatively 
in that case) horizon of the volcanic hearth, an ever more 
and more acid magma was coming up to this channel from 
the upper part of the hearth (as also thought S. I. Nasoxo). 
This is the only possible explanation of the above mentioned 
change in the composition of lavas. 

In such a way, putting together all these events, it is 
possible to formulate some conclusions regarding interrelations 
between some of the phenomena of these eruptions and the 
peculiar characteristics in the composition of lavas as well 
as the underground structure of the volcano. 

Such a sequence in the changes of composition of lavas 
flowing out in space and time during the eruption of 1937- 
1989, could be explained only by the existence of separate 
lateral channels. This means that the underground structure 
of Kliuchevsky volcano consists of separate channels (situated 
in radial or arcwise planes of fractures), branching off from 
the upper part of the volcanic hearth. 
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THE NATIONAL COMMITTEE FOR GEODESY 
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Section of volcanology 


5S. I. NABOKO 


Volcanic exhalations and products of their reactions 
as exemplified by Kamchatka-Kuriles volcanoes 


A systematic study of volcanic exhalations of Kamchatka 
volcanoes has started since 1935, when a_volcanological 
station has been organized on Kamchatka (A. N. ZAVARITZKY, 
V. I. VLopAveETz, I. Z. Ivanov, L. A. BAsuarina, N. D. Tasaxkov, 
B. I. Pre, S. I. Nagoxo), 

On the example of eruptions of Kliuchevsky volcano and 
a burst on its flanks of lateral craters in 1988 (Biliukai), 1945 
(Iubileiny proryv), 1946 (Apakhonchich) etc. with outflows 
from them of basaltic lavas, Sheveluch in 1945-1949 with the 
formation of an andesitic dome, solfataras and hydrosolfa- 
taras of Koshelev and Kikhpinych volcanoes on Kamchatka, 
Golovnin and Mendeleyev on Kunashir island and a number 
of thermal springs, we have studied exhalations of different 
stages of cooling of lava masses and the products of their 
reactions with the atmosphere, waters and rocks. 

Judging by numerous analyses of fumarolic gases of 
Kamchatka-Kuriles volcanoes, their magmas contain the same 
volatile components. However, their quantitative ratios for 
different volcanoes and at different stages of their activity 
vary. Basaltic magma of Kliuchevsky volcano at the present 
stage of its evolution is rich in chlorine and fluorine; andesitic 
magma of Sheveluch is rich in sulphur and that of Avacha - 
in boron. An example could be the lengthy cooling of basalt, 
which flowed out in 1988 from the lateral crater Biliukai of 
Kliuchevsky volcano, During its first high-temperature stage 
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in fumarolic gases all the main easily volatile components 
were present, but they were enriched by hydrogen, as 
possessing the greatest migratory capacity. With the cooling 
of lava masses on the background of predominating water 
vapours, haloids and gas first diminished and then stopped 
of emanating; they were getting substantially sulphurous and 
carbonated, then sulphurous gases became carbonated. During 
the last stage mainly water vapors were emanating. Such a 
change in the composition of exhalations in time was deter- 
mined by the degree of volatility of individual components 
and their concentration in the magma. Haloid gases, as the 
most volatile, active and available ones in the magma in a 
subordinate amount as compared to carbonated and _sul- 
phurous gases, disappear first. When gases are disengaged 
from the magma at a certain depth, as it took place when 
explosive craters were formed on the flank of Kliuchevsky 
volcano in 1988 and 1945, the composition of their exhalations 
were sharply different from exhalations from the basalt which 
was poured out of the neighbouring craters. They were 
essentially sulphurous and carbonated; haloid gases were 
practically absent; as the most active ones, they were, ap- 
parently, spent on reactions with rocks and waters on their 
way to the surface. 

Throughout the entire volcanic process water steam forms 
the main component of volcanic gases. After steam, as well 
as nitrogen and oxygen, which are mostly atmospheric im- 
purities, the first place by quantity belongs to gases of the 
carbon group. In high temperature fumaroles, in dry gas, 
after nitrogen and oxygen are excluded, the amount of carbon 
monoxide comes to 40%, in solfataras of carbon dioxide - 
95%, in mofettes - 100%. Next comes sulphur; in gases it 
appeared as S, H,S, SO,, COS and maybe SO,. In high- 
temperature fumaroles SO, was determined, in fumaroles of 
lower temperatures it could also be H,S. If they were present 
simultaneously, their amounts were not constant at the expense 
of oxidation and reduction reactions, Chlorine and fluorine, 
being characteristic volatiles of a magma, saturate it by far 
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not uniformly. The disengagement of chlorine as compared 
to the disengagement of sulphurous and carbonated gases is 
not lengthy and indicates the active period of magma and 
its first exhalations. A big role in exhalations belongs to 
hydrogen, which in high-temperature fumaroles comes to 
50% (in dry gas without N, and O,). 

High temperature gases from Kliuchevsky volcano basalt 
had often a reducing capacity owing to a predominance in 
them of CO and H, (up to 70%). Lower-temperature gases 
possessed an oxidizing capacity, because of a predominance 
in them of acid gases. 

On the surface of the Earth exhalations reacted with 
oxygen of the air, as a result of which their composition 
sharply changed. In fumaroles of the highest temperature H,, 
CO, S, H.S were combusted; under lower temperatures H,S 
oxidized up to elementary sulphur, SO, up to sulphuric acid; 
a number of other transformations took also place, as a result 
of which a new equilibrium was established in the gases. 

Most intensely gas distillation was proceeding during the 
first high-temperature stage of lava flow. In compounds with 
easily volatile components metals were also volatilized from 
the lava. Judging by the sublimates, during the eruptions of 
Kliuchevsky volcano, when basaltic and andesite-basaltic lavas 
were flowing out at temperatures of 1000-800° and down to 
500°, alkaline metals (Na and K) were volatilizing out of 
these lavas in compounds with chlorine. This happened in 
the same proportion in which they have occurred in the 
original lava (Na: K:3: 1). 

In visible quantities iron chloride was flying out of basalt, 
becoming part of sublimates formed (erythrosiderite and 
kremersite). Aluminium, magnesium and calcium in compounds 
with chlorine were flying in insignificant quantities and only 
sometimes could be qualitatively determined in the first 
products of exhalations. 

Among microelements which were volatilizing from 
basalt in weighable quantities was copper chloride. Around 
gas jets sublimates of atakamite and oxychloride of copper 
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were precipitated. Copper concentration in some sublimates, 
as compared to its concentration in basalts, increased up to 
6000 times (in some sublimates there has been up to 60% 
of copper). In sublimates of chlorides Li, Be, Pb, Sn, Ag, Zn, 
Co, Ni, Zr, Mo, Bi, Ga, Te, Cr, V, Ba and Sr were found in 
greater concentrations than they had in the lava. 

Si and Fe very intensely escaped from basalts and an- 
desite-basalts of Kliuchevsky volcano in compounds with 
fluorine. 

In compounds with sulphur, just as with chlorine, at 
temperatures of 900-800° from andesites of Sheveluch Na 
and K were the first to escape, but in a different proportion, 
than in the lava. Sodium sulphide was escaping more intensely 
that potassium sulphide and while the proportion in the lava 
was Na: K=8: 1, in the products of a direct sublimate - in 
sulphates it became Na: K = 20:1, At temperatures above 
500° potassium was flying as a sulphurous compound out of 
andesite-basalts of Kliuchevsky volcano and anhydrite was 
profusely precipitating from gases on the surfaces of incan- 
descent fractures in explosive craters of Kliuchevsky volcano. 
Among the products of direct sublimates from Sheveluch 
andesites up to 5% of CaO and up to 2% of MgO have been 
determined. Among ore elements vanadium was escaping 
with sulphurous gases from Sheveluch andesites and _ its 
concentration in sublimates which precipitated from glowing 
clouds increased compared to lava 1200 times (in some 
sulphates up to 12% V.,O; was determined). In small quan- 
tities were flying sulphurous compounds of Be, V, Cr, Ni, 
Zn, Ga, Sr, Zr, Mo, Sn, Ba and Pb. 

During the cooling of andesitic and basaltic masses 
changés in the volatile constituents were observed. 

The first exhalations were always richer in metals, than 
the following ones, In sublimates of Iubileiny proryv, which 
formed during the first year, exhalations contained more 
often Be, As, Te, Pb, Cu, Ag, Ni, Zr, Bi, Ga, Tl, Cr, V, Ba, 
Sr and Sc than exhalations of the second year. 

In sublimates of the same period but collected from lava 
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flows in different stages of cooling the concentration of mi- 
croelements was in direct proportion to the age of the flows. 

In sublimates of Apakhonchich basalt during the stage 
of its effusion Be, Pb, Cu, Zn, Co, Ni, Zr, Bi, Ga, Te, Cr, 
V, Ba, Sr and Li were determined; in sublimates from basalts 
of Iubileiny proryy which was cooling during a year and a 
half, above listed elements were determined more rarely. In 
sublimates from Biliukai basalt, which is cooling during ten 
years Cu, Co, Ni, Bi, Te, Cr, V, Ba and Sr were found, while 
in sublimates from Tuila basalt, cooling for 17 years only 
Cu, Cr and V were determined. Temperature of fumaroles 
in all flows was rather uniform, about 300°. 

Concentrations of microelements in lava were dependent 
on its composition. In basic lavas of Kliuchevsky volcano 
(basalts) microelements are in smaller concentrations than in 
more acid lavas of Sheveluch (andesites), In them only V, 
Cr, Co, Ni, Cu, Ga, Sr, Zr, Mo and Ba were determined. In 
andesites the listed elements are not in lesser concentrations 
and additionally Be, Pb, Su, Ag, Zn and Bi have been 
determined. 

Exhalations from basalt were bringing about certain 
concentrations of metals, In high-temperature sublimates 
compared with the lava additionally Be, Sc, Zn, As, Ag, Cd, 
Te, Pb and Bi have been determined. 

In exhalations from andesite there was no such concen- 
tration. Co, Ag and Bi, which are contained in andesite were 
not determined at all in its sublimates. Some elements were 
there in lesser concentrations than in lavas. 

The increase in metal concentration in exhalations from 
basalt as compared to those from andesite are, possibly, 
determined by a higher temperature of basalt and its lesser 
viscosity. 

Evacuation of metal from basalt of Kliuchevsky volcano 
during the first high-temperature phase was effected to an 
equal degree as chlorides and sulphates. While on lava flows 
quantitatively chlorides were predominants among the su- 
blimates, yet sulphates contained a greater variety of micro- 
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elements. Compared to chlorides they additionally contained 
Zn, Zr, Cd and Su. With the exception of copper we did 
not see any prevalence in the transfer of metal in a chloride 
form. 

Water steam, being the main component of volcanic 
gases, actively participated in the transport of metals itself 
and increased the activity of other gases, which did not 
receive sufficient attention in the study of volcanic processes. 
At high temperatures superheated water steam (temperature 
at gas issue was about 500°) evacuated from the lava silicon, 
which settled on the surfaces of incandescent fractures in 
explosive craters of Iubileiny proryv as tridymite. Fluorine 
which could have transported silicon in the form of SiF, 
was not determined in the gases. One can think that silicon 
was flying in superheated water steam, possibly, like complex 
molecules with water. In such a tridymite spectroscopically 
As, Pb, Cu, Ag, Zn, Co, Ni, Mo, Bi, Tl, V, Li and Sc have 
been determined. 

According to our observations metals continued to be 
extracted from the lava, which already had time to cool, by 
penetrating gases and quite often it was done with no less 
intensity than from its incandescent sections. This process is 
especially actively performed by gases containing hydrogen 
fluoride. 

Transportation of metals in a gas phase was often 
effected in the form of aerosols. Aerosols were arising during 
the cooling of gases and while gases went through the rocks. 
During the cooling of the incandescent cloud of Sheveluch 
volcano in 1946-1948 volatile haloids and sulphates of metals 
contained therein were changing over into solid particles, 
which in the form of aerosols were carried away for 2-3 km 
from the center of eruption. At a distance they settled in a 
loose incrustation on cold blocks of lava. Such incrustations 
consisted of thernadite, aphtitalite, bloedite, polyhalite, glau- 
berite, halite, sylvite and vanadium sulphates, 

Aerosols were forming also at temperatures around 100°. 
Steam was transporting solid particles of mineralforming 
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oxides, liberated in the sulphuric acid decomposition of rocks. 
Artificial condensates of such vapors, formed on Mendeleyev 
and Golovnin volcanoes (Kunashir island) contained a higher 
quantity of cations, as compared to anions, Among the cations 
the first place belonged to calcium, then came magnesium, 
silicon, alkaline metals. The condensates were opaque, opa- 
lescent and were probably colloid solutions. A highly ina- 
dequate quantity of anions (Cl, SO,, CO,) for bonds with 
cations permits to suppose that metal oxides were present 
in the water steam. In the places of steaming, andesites 
regenerated into clays deprived of these elements (Ca, Mg, 
Na, K and partly Si). 

In water steam metals were transported also in a dis- 
solved state in the tiniest drops of water, which are present 
in the steam. Especially favorable conditions for a steam and 
water mixture are created by the ascent of superheated 
waters into zones of lesser pressures, Artificial condensates 
of steams obtained by us in the geyser region of the Valley 
of geysers are very close in their composition to the water 
of neighbouring geyser hollows, They are sulphate-chloride- 
carbonated and impregnated by the same metals and in the 
same ratio as the water. 

Consequently numerous observations of fumarolic ac- 
tivity of voleanoes provide evidence of the transportation of 
metals having been done in a gaseous phase. 

However, of foremost importance is the question how 
intense gaseous transportation of metals is and whether it 
can lead to sufficient concentrations in the elements of ore 
deposits can not be decided in such a way. Unfortunately, vol- 
canologists do not possess precise quantitative data on the 
content of easily volatile components as compared to diffi- 
cultly fugitive components and even less so on the ratio of 
metals transported by them as compared to the total volume 
of lava and gases. We are under the impression that the 
quantity of metals in exhalations is very insignificant. It is 
possible to come to this conclusion judging by artificial con- 
densates of volcanic gases. Chlorine, sulphur and carbon 
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monoxide are mainly flying off in combinations with hy- 
drogen and oxygen and not with metals. 

When the liquid phase of water appears, the process of 
postvolcanic change of rocks and migration of elements con- 
siderably intensifies. At temperatures below the critical water 
temperature volcanic vapors condense and volcanic HCl, 
SO., H.S are dissolving in them..At depth this happens also 
with Co,. The solutions, which are being formed, interact 
with the rocks and transfer metals into the solutions. 

How intense the transition of metals into solution is, is 
demonstrated by facts of a deep regeneration of lavas into 
opalites in solfatara and hydrosolfatara regions, when all their 
elements with the exception of silica and titanium are 
transferred into solution, 

During the process of cooling of exhalations and as a 
result of chemical reactions of volcanic gases among them- 
selves, with atmospheric gases and rocks, fumarolic minerals 
have been formed. Of these on Kamchatka volcanoes the 
following have been determined: Elements -sulphur. Oxides - 
tridymite, opal, chalcedony, tenorite, hematite, magnetite, 
limonite, sassolite. Sulphides - pyrite, marcasite. Halides - 
chlorides, halite, sylvite, sal-ammoniac, chlormagnesite, law- 
rencite, molysite, chloralluminite, kremersite, erythrosiderite, 
atacamite, hydromelanothallite. Fluorides - fluorite, zambo- 
ninite (P), ralstonite, hieratite, malladrite, cryptohalite. Car- 
bonates - calcite, aragonite. Borates - ferruccite, avogadrite. 
Sulphates - thenardite, metathenardite, aphtitalite, palmerite, 
anhydrite, glauberite, mirabilite, syngenite, loweite, bloedite, 
picromerite, ferrinatrite, polyhalite, voltaite, mendozite, ka- 
linite, potash alum, soda alum, basanite, gypsum, chalcanthite, 
hexahydrite, melanterite, epsomite, roemerite, pickeringite, 
ferropickeringite, halotrichite, coquimbite, ferroalunogen, alu- 
nogen, sulphohalite, alunite, natroalunite, jarosite, natrojaro- 
site, euchlorine, kainite, aluminite, fibroferrite, metavoltine, 
copiapite. 

Owing to quick cooling of gases upon their escape to 
the surface of the Earth, sublimates are being formed as 
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cryptocrystalline mineral mixtures (submicroscopic mixtures 
of halite and sylvite, thenardite and aphtitalite, sal-ammoniac 
and kremersite). 

Optical properties of many fumarolic minerals are not 
constant (especially refringence and birefringence). In case 
of sublimation solid solutions are being formed and a higher 
or lower refringence is determined by a dissolved component 
(KCI in halite, K,SO, in thenardite), Fluctuations in optical 
properties of incrustation sulphates are determined first of 
all by changes in water content (at the expense of hydration 
and dehydration) as well as the presence of isomorphic mix- 
tures (halotrichite-pickeringite, alunogen-ferriferous sulphate). 

Sublimates and incrustations reflect to a certain extent 
the specific features of lava composition. Kamchatka lavas 
contain more sodium than potassium (an average of Na : K — 
=83: 1); in sublimates and incrustations sodium also prevails 
over potassium. In sublimates of a mixture of halite and 
sylvite the ratio is Na: K =38: 1); in sublimates and incru- 
stations sodium also prevails over potassium. In sublimates 
of a mixture of halite and sylvite the ratio is Na: K—3: 1, 
in sublimates of a mixture of thenardite and _ aphtitalite 
Na: K=20.1:1, in mixtures of fluorides and_ sulphates, 
as a rule, sodium is predominant over potassium, in mixtures 
of sulphates and in alums Na,: K=8: 1. Basalts of Kliu- 
chevsky volcano are enriched by copper, in sublimates 
copper chlorides are often to be found; andesites of Sheveluch 
are enriched by vanadium and in sublimates vanadium sul- 
phates are often, 

During the eruption and a long time afterwards volcanic 
gases and solutions, formed under lower temperatures, passing 
through the rocks along fissures and pores, interacted with 
them and changed them in some direction. The character of 
the changes to which the rocks were suvjected depended both 
on the composition of the rocks themselves and on the physical 
condition (gaseous, liquid), temperature, composition, con- 
centration and acidity of solutions, 

The change of rocks by gases is generally insignificant 
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and takes place on small areas. It is more intensive if fluorine 
is present in the gases, 

On all lava flows from lateral craters of Kliuchevsky vol- 
cano white and cream fields of rocks, regenerated under the 
influence of gases, containing fluorine into aggregates of 
fluorine minerals, were sharply distinguishable on the black 
background of basalt. Basalt was discoloured in some cases 
preserving his texture but in others becoming transformed 
into a loose mass of fluorides. Regenerated lava as compared 
with fresh basalt is poorer in silica and iron oxides. Other 
rock forming elements are contained in it in approximately 
the same relative amounts in which they have been in fresh 
lava, 

During the first stage of decomposition the rock pre- 
served its structure, but minerals and the vitreous mass were 
partly replaced by isotropic fluorine minerals. In the first 
instance the vitreous ground mass of the rock was subjected 
to replacement, getting discoloured near the pores in spots; 
plagioclase was replaced by fluorides before other minerals 
and the replacement began in separate zones of zonal phe- 
nocrysts. Replacement of pyroxene proceeded along cracks. 
During the second stage of decomposition the rock was losing 
its original structure and density and was disintegrating into 
an aggregate consisting of isotropic fluorine minerals with a 
refringence from 1,830 to 1,400, 

The change of rocks under the influence of fluorine (ga- 
seous fluormetasomatism) has no wide development and is 
limited to small patches in craters and on lava streams. 

In the region of solfataras and hydrosolfataras the stron- 
gest changes of the rocks take place under lower temperatures, 
providing the appearance of water solutions at the expense 
of volcanic steam condensation and atmospheric humidity. 

On solfatara fields of Sheveluch, where emanating gases 
are characterized by a considerable concentration of hydrogen 
sulphide and sulphurous gas, they are subjected to violent 
oxidation, formation of sulphuric acid and, consequently, of 
more acid and concentrated solutions, Lava (andesite) in the 
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region of solfataras is fully decomposed and regenerated into 
white compact and loose masses, enriched by opals. 

Chemical decomposition of the rock consisted in a gra- 
dual transfer into solution of all components, except silica. 

The regenerated rock, as compared to the fresh one is 
much poorer in oxides of aluminium, iron, calcium, magne- 
sium, sodium. The end type of lava and tuffs changes by acid 
solutions in the regions of solfataras is the formation of a 
gel by silicic acid, Hot, jelly-like silicic acid gel, containing 
up to 52% of water, is mobile and fills the fissures forming 
veinlets. In future in the jelly-like gel a process of silicic 
acid condensation into a more complicated by its structure 
skeleton of a chalk-like silicagel is taking place. This silicagel 
consists of an intertwining of fibers, forming a mass of pores 
filled by water. When the silicagel is dehydrated an opal 
containing 4-7 % of water is being formed which by ageing 
changes into quartz, 

Opalization in the region of solfataras on volcanoes has 
an areal character and wide development. It is possible that 
the formation of secondary quartzites of some deposits takes 
place in such a way. 

On solfataras with a weak concentration of hydrogen 
sulphide and sulphurous gas argillitization took place when 
less acid sulphurous solutions were formed. Lavas along the 
routes of steam and sulphurous gases penetration were de- 
composed and were transformed into coloured clays. 

Among clays not fully decomposed blocks of lava can 
be found quite often, on which all the stages of a sulphuric 
acid decomposition can be traced, beginning with bleached 
compact rocks with a porphyritic texture with completely 
caolinized plagioclases of phenocrysts and up to amorphous 
clays. 

A petrographic change of andesites finds its expression, 
first of all in a decomposition of feldspars in phenocrysts, 
often ‘selectively in separate zones and primarily of those 
which are rich in anorthite and then the others. Plagioclase 
in transmitted light becomes turbid, it is replaced by kao- 
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linite. Coloured components are replaced after plagioclase 
(first amphibole, then pyroxene) by a greenish, fibrous, poorly 
birefringent chlorite. Oxides of iron appear in the fissures 
of the rock. During this stage of decomposition the rock 
preserves its density and original structure. Later the rock, 
keeping its porphyritic structure, becomes soft and crumpling 
under pressure, Phenocrysts of plagioclase are fully replaced 
by kaolinite and in the groundmass many iron oxides appear. 
During the next stage of decomposition the rock gets loose, 
_structureless, bleached and fully consisting of clayey mi- 
nerals. Among those kaolinite is predominant. Admixtures to 
kaolinite consist of hydroxides of iron, opal, gypsum and 
sulphur, 

In the process of argillitization concentration of alumi- 
nium (and iron) takes place mainly at the expense of eva- 
cuation of other elements as well as at the expense of 
precipitation from solutions when their acidity diminishes 
(increase of pH). This process took place under the influence 
of a thinning of solutions and their neutralization caused by 
a continuing intercalation of solutions and rocks. In clay de- 
posits of solfataras on Koshelev volcano, formed by preci- 
pitation from solutions, concentrations of aluminium and iron 
were higher than in clays formed by leaching. Fluctuations 
in the content of aluminium and iron in clays depend upon 
the acidity of solutions acting on them, Under an acidity 
of and somewhat above 5, red ferruginous clays were formed; 
under an acidity of solution below 5 iron changes over into 
a solution and white clays enriched by aluminium were formed, 

In the region of some solfataras and hydrosolfataras on 
Kikhpinych and Koshelev volcanoes the formation of alunites 
was taking place. Contrary to opalization and argillitization 
alkaline metals were not carried out by solutions, but were 
bound into a basic sulphite salt - alunite. During this process 
the regenerated rock was enriched by potassium. 

In the district of Verkhnegeyserny hydrosolfataras at the 
foot of Kikhpinych volcano alunitization is taking place at 
the present time as well, The waters of hydrosolfataras are 
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acid (pH about 5), sulphate-ammonium-calcium-magnesium. 
Here, better than in any other place, one can obviously 
see the formation of the mineral composition of hydrosol- 
fatara waters at the expense of evacuation from the rocks by 
sulphate waters of calcium and magnesium and the enrich- 
ment through this regeneration of the rocks by sodium, 
potassium and aluminium. 

From a comparison of chemical compositions of andesite- 
dacite and the rock formed at its expense one can see that 
during alunitization the rocks get poorer in silica, iron, cal- 
cium and magnesium and richer in aluminium, alkaline metals 
(at the expense of potassium), sulphurous anhydrite and 
water. Altered rocks have in their composition up to 87% 
of alunite. 

On Kikhpinych alunitization is accompanied by an im- 
pregnation of sulphides. Kamchatka alunites are sodic though 
in alunitized rocks with an increased amount of alkaline 
metals as compared with the fresh rock - andesite-dacite - 
there is more potassium than sodium, While in the lava the 
ratio is Na,O : K,0 = 8: 1, in an alunitized rock Na,O : K,O 
is close to 1: 1. 

In the region of alkaline thermal springs (Kirsunskie), in 
the places of steaming, clays are being formed of a montmo- 
rillonite-beidellite composition, Contrary to the sulphurous 
effect, the rock changes chemically only slightly, but minera- 
logically it changed completely. Instead of labradorite, 
augite and glass, montmorillonite and beidellite were formed. 

The process of opalization and argillitization is accom- 
panied by the formation in the subsurface (sharply oxidizing) 
zone of sulphur and sulphates. Metals for the formation of 
the latter (rock forming and dispersed) are extracted out of 
rocks during their sulphurous decomposition, Sulphates are 
crystallized on the surface of thermal areas owing to an in- 
crease in the concentration of solutions at a loss of the solvent 
(evaporation of water) and on their cooling. They temporarily 
enter into paragenesis with other minerals, but, owing to a 
good solubility, with the exception of gypsum, basanite, 
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anhydrite and alunite are not fixed in geological formations. 
On the solfataras of Mendeleyev volcano (Kunashir island) 
by workings and erosion deeper horizons of altered rocks 
enriched by sulphides of iron have been uncovered. The 
precipitation of sulphides took place at an encounter of 
ascending solfataric solutions rich in H,S or a sulphide ion 
with descending solutions rich in sulphate iron at the ex- 
pense of superficial sulphurous decomposition of rocks. 

At the expense of dissolution and concentration of vol- 
canic exhalations in meteoric waters thermal waters of a 
specific composition are created. The character and degree 
of effect volcanic exhalations have on the composition of 
mineral springs depend upon the conditions of the exhaling 
magma - whether it exhales haloid, sulphurous and carbonic 
gases or only sulphurous and carbonic; on the depth of the 
place on which the condensation and dissolution in infiltration 
waters of volcanic exhalations takes place and finally on the 
temperature regime. These conditions determine the vertical 
and horizontal zonality of waters. 

The initial moment in the formation of thermal waters 
is the dissolution of volcanic gases (H.O, HCl, SO., H.S etc) 
in infiltration waters, This has been traced by us in the points 
of gas emergence in lower sections of relief, which provides 
for an accumulation of superficial and ground waters. 

Superheated waters, enriched by ions of chlorine, sul- 
phate and hydrocarbonate at the expense of volcanic gases 
dissolution, actively interact with contact rocks and transfer 
into solutions rockforming and microelements. In such a way 
in the region of active volcanoes sources of the mineral com- 
position of thermal waters are partly volcanic exhalations 
(Cl, SO*,, HCO-,, NH+,, F, B, As and possibly some metals) 
and partly rocks contacted by the water (main mass of 
metals). 

The cation composition of the waters is in direct depen- 
dence upon the acidity of the water, its temperature and 
concentration of chlorine, sulphate and hydrocarbonate ions. 
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Silica is always present in the waters of Kamchatka and 
Kurile thermal springs. 

The richest in silica are the most acid and most alkaline 
waters. In waters with an acidity of 2-7 there are minimal 
amounts of silica. Under pH 2 - H,SiO, an average of 336 
mgm/1 (max. 415 mgm/1); under pH 2-3.5 H,SiO, an average 
of 170 mgm/1; under pH 5.6-7.6 - H,SiO, an average of 120 
mgm/1; under pH 8 H,SiO, an average of 300 mgm/1 (max. 
380 mgm/1). 

Generally speaking for thermal waters of Kamchatka 500 
mgm/1 of H,SiO, is a limite value. 

The content in waters of aluminium and iron is in direct 
dependence upon the acidity of the water. In waters with 
pH 4 there is no iron nor a aluminium. Calcium and ma- 
gnesium are present in the water always and their amounts 
often do not depend upon the temperature, acidity or com- 
position of the water, Practically in all Kamchatka waters 
calcium is predominant over magnesium, however, the ratios 
Ca: Mg vary in different waters. In acid sulphate waters of 
a superficial origin Ca: Mg = 38:1 oftener 3:1 reflecting 
their content in volcanic rocks. In alkaline sodium-chloride 
and chloride-sulphate waters 20-40: 1, in carbonated waters 
0.2-3: 1. Only in carbonated thermal springs magnesium 
sometimes predominates over calcium, possibly at the ex- 
pense of the selective precipitation of calcium as a carbonate 
as compared to magnesium, 

Sodium and potassium are present practically in all 
waters. In acid sulphate waters sodium and potassium are 
present in insignificant amounts often in the same proportions 
as in the rock, thus reflecting the conditions under which the 
water was formed, Under a sulphurous influence upon the 
rocks alkaline metals often get into the basic sulphite salt of 
alunite and jarosite; correspondingly there is little alkaline 
metals in the waters. An especially excessive amount of sodium 
as compared to potassium, just as in other volcanic regions, 
is observed in alkaline sodium-chloride waters, which is 
generally typical for alkaline thermal springs. 


Waters of thermal springs in regions of active volcanoes 
on Kamchatka and the Kurile islands contain a number of 
microelements, but, with the exception of arsenic and boron, 
we did not discover any special concentration of them in 
waters as compared to rocks. In Kamchatka waters the fol- 
lowing elements have been determined: Sb, Pb, Sn, Cu, Ni, 
Zn, Mo, Ga, Li, Ba, Sr, Bi; in Kuriles waters: Pb, V, Cu, Zn, 
Zin Cr angs or, 

Owing to a change in external pressure, temperature and 
medium, mineral precipitates are dropping out of the waters 
of thermal springs upon their emergence on the surface. The 
composition of the precipitates only partly reflects the com- 
position of the waters inasmuch as not all the components 
form insoluble products of reaction. Under a change in pres- 
sure and as a result of evacuation from the waters of Cos, 
precipitation of calcium carbonate, hydrates of iron and alu- 
minium and oxides of silica is taking place (Nizhne-Koshe- 
levsky volcano). 

Out of the waters of Kislaia Rechka on Kunashir Island, 
as a result of a change in the acidity of the water, effected 
by its dilution by fresh waters, hydrates of Al and Fe oxides 
are precipitated absorbing a whole number of microelements 
(As and oth.), At the oxidation of waters rich in ferrous sul- 
phates at Nizhnekoshelevskie springs yarosites were precipi- 
tated, Under a change in the concentration of waters owing 
to evaporation from them of superheated geyser waters 
oxides of silica (geyserites) were precipitated. From colloidal 
solutions of the crater lake on Golovnin volcano sulphur and 
silic acid were precipitated as a result of coagulation. Hy- 
drated precipitates and precipitates from colloidal solutions 
partly concentrated microelements As, Mo, Zn, Co, V, Pb, 
Cd *Gaebe Or 

Observations of manifestations of present-day volcanism 
were always of tremendous importance in formulating ideas 
on magmatic processes and on the origin of ore deposits. 
That is why additional studies of the composition of volcanic 
exhalations are always of great interest. 
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Present-day hydrothermal activity within the 
Kurile-Kamchatka Island are and its relation 
to volcanicity 


Introduction 


Kamchatka and the Kurile islands being the most north- 
ern link of the largest system of island arcs in the Pacific, 
form a region where latest volcanism is intensely developed 
and which is characterized by a very varied hydrothermal 
activity. The type and origin of steam - and hydrothermae 
of the Kurile-Kamchatka volcanic zone are in many respects 
fundamentally different from the character and origin of 
hydrothermae, forming within the vast continental part of 
Soviet Far East and the Sakhalin island. 

All the Kurile Islands and the volcanic regions of Kam- 
chatka are part of an extensive and peculiar Pacific province 
of thermal springs and gas-steam jets, an area of latest vol- 
canicity which extends further to the South-West into the 
Japanese islands (Hokkaido, Honshiu, etc.) and to the Aleutian 
islands in the East. 

Numerous researches carried out in the Soviet Union 
during the last decades (B. I. Pup, V. I. Viopaverz, V. V. 
Ivanov, T. I. Ustinova, S. I. Nasoxo, O. N. Toistrkuin and 
others) on the geological conditions of emission and com- 
position of volcanic gases and thermal waters of this zone, 
permit to have a definite judgement regarding their origin 
and the laws governing their distribution. It became also 
possible to compare them with reknown hydrothermae of 
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Iceland, Japan, New Zealand and other regions of present- 
day volcanism. 

The most important factors determining the character of 
present-day hydrothermal activity on Kamchatka and_ the 
Kurile islands are: a lengthy and intense past (Tertiary and 
Quaternary) volcanic activity, cases of present-day active 
volcanism and an abyssal thermometamorphism of rocks, a 
wide development of latest tectonic fractures and an abnorm- 
ally high - « voleanogene » - geothermic regime. 

However, by far not all hydrothermae on Kamchatka 
and the Kuriles islands, just as in other regions of latest vol- 
canism, are being formed as a result of a direct influence 
of present-day volcanic processes. A considerable part of 
them acquires the character of recent hydrothermae only 
owing to abnormally high geothermic conditions which are 
predominant within the depths of volcanic regions and are 
not genetically associated with magmatic and thermometa- 
morphic exhalations rising from the depth. 

The chemical composition and genesis of hydrothermae 
is determined first of all by geological and geochemical 
conditions under which they are being formed in the rocks, 
while the form of their existence in the depth and the 
manner in which they appear on the surface are mainly 
controlled by thermodynamic conditions prevailing within the 
entrails of volcanic regions. Depending upon the conditions 
of pressure and temperature the same hydrothermae can 
occur in the depth in a liquid or vaporous state and can 
appear on the surface in quite different forms. 

As in other regions of latest volcanicity, present-day 
hydrothermal activity within the Kurile-Kamchatka volcanic 
zone is manifest in three main forms: exhalations of hot 
volcanic gases, discharge of thermal waters different in their 
genesis and composition and emission of steam jets. Their 
brief characteristic is given in table No 1. 


s1oyem | 
ploo Bulpusosap jo syoor 
peyeey ur samodea oj 
uonIsuel] &@ JO ynsor e sy [Oya oN OOT REINS | 


SIo}VM oinssoid poyeoysed 
“ns [essXqev jo (« Surproq » | 


punoiziepun) imodea ojur °N OOT sjal 
uorIsuvd] ev JO YyNseI ev sy “QQ Jo seoey ynoqe Tesshqy “[ | wnazs fo UOISStU “OO 
. suol} -—o oS a > ¥ : 


-vyeyxe = ord 1oureyeumour 
-Ioy} puke oneurseur yyIM 


suojefet oeues Jo 4yno “OIS*H 
‘suOT]IpuoO suronpel Jepug | ‘en 70S ; IO aN OOL-0S OWUN “S 
sassao 


-oid ory diowejourourreyy 
jO aouenljur Jo ouoz eB ut 8OIS*H ‘e@OQ “BN 


‘suoljipuoo ~Suronpel Jepuq (Cun Oe OO ET “6y) HES peyeuodie) °% 
‘OdH | 
gouenTjur sases oreo OLE ee OSCE 
} -[OA jo oreyds e& ut ‘u0on OH EUN Reali? "HO sour poeyeuog.ivo s1ajom Dut | 
| (¥PEXo age SuoRIpues .Jopuy”) “eq H “TO "OS | -euos “7 “oD OOT-08 - snomnyding “[ |-4ayz fo assyosuq i 
Joysry (payeu 
eo yey -oqivo-aprydyns 
suonIpuod orydioureyourour "HO sewn | -ouros 10 uesoipAy) ain} 
-Ioy} pue onewseur JopuyQ autos “S*H “0D | got 0} dn -e1odure] - MO'T °Z 
FO = *N) (peyeuoq 
Bassi "HO “HN “H -reo-snoinydyns sasp3 | 
suONIpuod oyydioureyouroUr “OSS AOD sooIsep Jo -snoxoyyo) ain} oyolnun{ / ood 
-Iey} pue oneurseur JapugQ ; ‘OO “AH ‘DOH sporpuny | -eredwiay-y3yy “T | -joa fo suoynpoyx7 7 
; uontsoduroo \e uwonrsoduroo ‘ 
uoneULIO} JO suONIpuOD TESOL | sep Non Ube sodA) urey Ayajor 


ay JO sjueuodmoo wep FOS SIO TSOETY 


‘spue[sy o[finy og} pue exeqomey uo AyAnoe [euseqioapdy juesoid jo sma0y UIE 


— 140 — 


1. Voleanic gases 


Exhalations of volcanic fumarole gases on Kamchatka 
and the Kurile Islands are genetically and spatially associated 
with foci of active volcanism and are mainly, just as in other 
similar regions, gases of magmatic and thermometamorphic 
origin. They consist of very different components: HCl, HF, 
HH,, H,S, SO,, CO, CO,, CH,, NH;, B and certain others. 
Their temperature at the orifice varies usually very widely - 
from 100 up to 500-600 and more degrees C. 

Among these gases there are two main, characteristic 
types, specific features of which are to a great extent de- 
termined by thermodynamic conditions of their exit to the 
surface: 


1. High-temperature (hundreds of degrees) voleanic gases 
of a complex composition (chlorous-sulphurous-carbonated) 
emitted in craters of volcanoes during short periods of erup- 
tions as well as during lengthy periods of inténse fumarolic 
activity. 

These gases migrating from magmatic hearths to the 
surface under geothermic conditions excluding their en- 
counter with water in a liquid state, contain usually at the 
moment of emission H,, HCl, SO,, CO, CO, as their main 
components, N, in predominant quantities as well as some 
other gases (including always fumes of H,0). 

Big quantities of nitrogen, discovered by analyses in 
samples of these gases, are regarded by the majority of re- 
searchers as a result of suction in of atmospheric air along 
cracks and pores of rocks (above the ground water level) 
towards the greatly heated volcanic gases. The oxygen con- 
tained in this air is fully or mostly spent on various oxidizing 
processes with the formation of a number of new compounds 
and first of all of the group S and C. 

Tremendous quantities of water steam which are present 
in these gases (up to 90-99% of the total volume of gases) 
are, apparently, of a non-magmatic origin mostly, but ‘are 
formed at the expense of steam, exhaled during the thermo- 
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metamorphism of rocks, as well as a result of transition into 
steam of usual underground water, which in its infiltration 
reached high temperature volcanic vents, 

To this type of gases belong on Kamchatka crater gases 
of active volcanoes of Kliuchevskaia sopka, Sheveluch, Avacha, 
etc. and gases of many volcanoes of the Kurile islands, the 
composition of which, however, is not sufficiently studied yet. 
New analyses of volcanic gases of Kliuchevskaia sopka and 
Sheveluch show that some of them contain (after deduction 
of water and air steam): up to 13.2% of HCl, up to 64% 
of H,, up to 7.7% of SO,, up to 7.5% of CO, up to 16.7% 
of CO, and sometimes also F and NH. 


2. Relatively low-temperature (up to 100°C or somewhat 
higher) fumarolic gases of a simpler chemical composition 
(hydrogen sulphide-carbonated) emitted to the surface from 
less heated sections of the rocks on the flanks of volcanoes 
and in large calderas. 

Before reaching the surface these gases get into ther- 
modynamic conditions where water is in a liquid phase so 
that they get sort of filtered through underground waters 
giving away to them all easily soluble components like Cl, 
F, SO,, NH, and many others. 

That is why only CO,, H.S (sometimes up to 48 %) and 
CH, (sometimes up to 24%) are preserved in these gases. 
Very characteristic is a virtually complete absence of nitrogen. 
Emission of these gases is usually associated with fumarolic 
thermal springs and is very widely developed both in the 
region of present-day volcanism on Kamchatka (volcanoes 
Centralny Semiachik, Uzon, Koshelev, Kambalny and many 
others) and on the Kurile islands (Ivan Grozny, Mendeleyev 
volcanoes, etc.). 

In such a way the above mentioned division of volcanic 
gases into two main big groups is determined fundamentally 
by the thermodynamic conditions of their existence in the 
depths of rocks - their interaction with underground waters, 
which, of course, does not exclude changes in their character 
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and composition caused by a change in the condition of the 
voleanic hearths in the depths of the earth. 


Il. Thermal waters 


All thermal waters of Kamchatka and Kurile islands 
which flow out to the surface as various thermal springs, are 
divided by their gas content, which reflects with the highest 
precision the geochemical conditions of the origin of these 
waters in the depth, into three main genetic types: sulphur- 
ous-carbonated (fumarolic), carbonated and nitric (alkaline) 
thermae (table No 1). 

These three types of thermae are quite distinct also in 
many other regions of present-day volcanism (Japan, Iceland, 
New Zealand, etc.). 

Sulphurous-carbonated thermae. Fumarolic and _al- 
ways very acid thermal waters are being formed only in 
regions of present-day volcanism, in a medium which is under 
a direct influence of active volcanic hearths in the upper 
oxidizing zone of the youngest volcanic rocks. The formation of 
these waters proceeds through the saturation of underground 
waters and, under favorable conditions of relief, also of sur- 
face waters with above characterized volcanic gases, This 
saturation takes place on the flanks, in calderas and craters 
of volcanoes. Their temperature is usually high and comes 
to 95-100°C, 

According to the above stated theory of interaction 
between volcanic gases and underground waters, fumarolic 
thermae are subdivided into two subtypes - waters of 
« abyssal » and waters of « surface » formation. 

The former have a chloride-sulphate composition and are 
formed by the saturation of underground waters by volcanic 
gases containing HCl, H,S, CO, and some other components. 
The latter are characterized by a purely sulphate composition 
and originate as a result of saturation of ground and surface 
waters by hydrogen sulphide-carbonated gases already fil- 
tered at depth by underground waters. 

The chemical composition of these thermae possesses a 
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number of specific features: a sharply-acid reaction, deter- 
mined by the presence of a free sulphuric acid and sometimes 
even hydrochloric acid, usually not a high general minera- 
lization (with rare exceptions less than 5 gm. p. litre), the 
presence in their composition of H, Fe and Al cations, and 
in the thermae of Kamchatka sometimes big quantities of 
ion NH,. a 

High content. in these waters of a free sulphuric acid 
and sulphates in general is the result of oxidation of sul- 
phurous gases penetrating into the waters (H,S, SO., SO,, SO,). 
Considerable concentrations in them of Fe and Al are de- 
termined by the influence of sulphurous solutions on rocks. 

All fumarolic thermae are present-day waters in the full 
meaning of this word and have a limited focal development 
only in the sections where volcanic gases are emitted. Their 
regime is very unstable. They are distributed very widely all 
through the Kurile islands and in the eastern volcanic zone 
of Kamchatka, 

A brief chemical characteristic of some typical represent- 
atives of these thermae on Kamchatka and the Kurile islands 
is given in table No 2, 
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TaBLe No 2. 


Brief chemical characteristic of some fumarolic thermae 


on Kamchatka 


and the Kurile Islands 


may: 
aan bat = Formula of ionic 
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& |e¢ (in mg./eq./%) 
A 
| eee) Be 
Waters of a « surface » origin 
| Kamchatka | 
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Carbonated thermae. These thermae make a_ very 
characteristic group of thermal waters, substantially different 
by their genesis, composition and distribution from the above 
described fumarolic springs. Their origin is associated not 
only with present-day but also with older (Early-Quaternary 
and Late-Tertiary) magmatic processes, which create at a 
certain depth an intense thermometamorphism of rocks and 
an exhalation from them of CO,,. 

On Kamchatka carbonated springs are developed very 
widely (mainly within the East-Kamchatka region of present- 
day volcanicity), while on the Kurile Islands, on the contrary, 
they occur very rarely. 

As in other regions, the formation of carbonated waters 
on Kamchatka proceeds, as a rule, in closed and semiclosed 
geological structures, characterized by a hindered water ex- 
change and mostly in deep-seated Mesozoic rocks or, to a 
lesser degree, in Tertiary deposits under a mantle of Qua- 
ternary voleanogene rocks. 

Under favorable geostructural conditions they can form 
at depths large artesian basins or complicated systems of 
fissure pressure waters. 

The temperature of carbonated thermae at the place of 
issue to the surface does not exceed 75°C and their flow is 
usually not high. In the gas composition of these springs CO, 
occupies a predominant position (up to 90-95 %); sulphuretted 
hydrogen as well as methane is absent, with maybe rare ex- 
ceptions. 

By its ionic composition carbonated springs are charac- 
terized among anions by a usually high content of HCO, and 
in some waters of Cl as well. Among cations there is usually 
a marked predominance of Na. Total mineralization of these 
waters does not exceed 7.5 g/1 (table No. 8). 
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Tasie No 3. 


Brief chemical characteristics of some carbonated 
thermae of Kamchatka and the Kurile Islands 


Q eo Formula of ionic on 
Name of spring 5 hee composition a a 
. | ga|, (in mgm./eq./5) =o 
: S 
Kamchatka 
Cl,, 
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(Na+ K),;Cae: 
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The main processes which determine the ionic compo- 
sition of carbonated springs are leaching processes of rocks 
by infiltration waters rich in CO,; it is possible also, that 
a certain part in their composition belongs to residues of 
strongly altered marine waters of sedimentary deposits. 

The above said shows that there is ground to suggest, as 
it is done by many researchers, that all carbonated thermae 
in regions of present-day volcanism are formed as a result 
of metamorphosis (within rocks) of acid fumarolic thermae. 

Nitric thermae. Nitric thermae on Kamchatka have a 
wide development, but on the Kurile Islands until now only 
several springs of this type are known. 

All typical representatives of such waters are character- 
ized by a very high temperature, possess a small minerali- 
zation and a distinctly alkaline reaction (pH up to 9.3), They 
are subdivided into two characteristic groups. 

The first group - of chloride-sulphate sodium, more 
seldom calcium-sodium waters with low total mineralization 
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(up to 1.5 g/1), with a very high ratio Cl/Br (an average 
over 1000), with a typically aerial ratio Ar to N, - is repre- 
sented on Kamchatka by numerous springs (Paratunskie, Na- 
chikinskie, Bannye, Malkinskie, Apapelskie and many others). 

Their usual temperature is 70-100°C, the yield as a rule 
does not exceed 10 litres per second. 

These waters are genetically associated mainly with vol- 
canogene or volcanogene-schistose masses of rocks of a va- 
rying composition and age (from Mesozoic to Quaternary) 
and are typical fissure infiltration waters of leaching, of an 
atmospheric origin, circulating in deep zones of tectonic 
crushing, 

Their very high temperature is fully determined by ab- 
normally high geothermic conditions of their circulation. 

The second group of alkaline springs is represented 
within the Kurile-Kamchatka arc by a few very powerful 
and interesting groups of springs: on Kamchatka - Geysers, 
Pauzhetskie and Kireunskie springs; on the Kurile Islands - 
springs of the Goriachi Pliazh (Kunashir Island), These waters 
are distinguished by a higher mineralization (2.0-4.6 ¢/1), an 
identic chloride-sodium composition, usually by an insigni- 
ficant content of ion SO,, an increased content of boron and 
a lower ratio Cl/Br (in the range of 300-700). (Table No, 4). 
Gases in these waters are represented by nitrogen with insig- 
nificant mixtures of CO, and sometimes of CH,. 

All the listed groups of springs are fed by strongly su- 
perheated (probably up to 150-200°, and maybe even higher) 
high pressure waters. All of them are intensely boiling and 
strongly vaporizing springs with a temperature about 100°C, 
possess usually a very high yield (over 25 litres per second) 
and are characterized sometimes by a geyser regime of 
gushing, 

The formation of these waters is associated both on 
Kamchatka and on the Kurile Islands with deeply occurring 
horizons of marine sedimentary and volcanogene-sedimentary 
Tertiary rocks, exposed only on rare occasions by deep tec- 
tonic fractures. 
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The origin of these waters under conditions of very high 
temperatures and great pressures determines their being 
rather rich in silicon dioxide (up to 250-330 mgm/1) and leads 
to a deposition in the areas of their issue of characteristic 
siliceous encrustations-geyserites. 

A complete analogue of such waters are chloride highly 
thermal waters discovered recently in New Zealand during 
drillings for power projects (S. H. Wirson, 1955). To this 
type of springs belong, apparently, also strongly superheated 
waters uncovered by deep boring for power utilization in 
Italy and Japan. 

Leaving aside the complicated and not quite clear ques- 
tion regarding the origin of Cl in these waters, which, de- 
pending upon the geological and hydrogeological conditions 
can be, possibly, of both a volcanic and marine origin, we 
think it necessary to stress that the characteristic chloride- 
sodium composition (often nearly sulphateless) of the des- 
cribed springs is determined, apparently, by a specific geo- 
chemical medium of their formation in depth, namely sharply- 
reducing conditions of high temperatures dominating in deep 
interiors of active volcanism under which SO, ion proves to 
be unstable, as thinks A. G. Berexatin (1933) and « subject 
to decay with elimination of oxygen >. 

There are reasons to suggest that in great depths and 
under mentioned geological conditions this type of springs 
is especially widely developed, forming large artesian basins 
or systems of fissure pressure waters which represent powerful 
hydrothermal resources of great importance for power pur- 
poses. 


Ill. Steam jets 


Issues of steam jets, sometimes with insignificant mix- 
tures of certain gases (CO,, H,S, N, and others) are registered 
only in active volcanic regions of Kamchatka and Kurile 
Islands, characterized by a highly thermal regime. In all cases 
the emergence of steam to the surface should be regarded 
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as a result of a transition of strongly heated underground 
waters into a vaporous state. 


TaBLre No 4. 


Brief chemical characteristics of some nitric thermae 


of Kamchatka, the Kurile Islands and New Zealand. 
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Data of deep borings in active volcanic regions of Italy, 
New Zealand and other territories show that thermodynamic 
conditions in great depths make even highly superheated 
waters (200-300°C) remain there in a liquid state and only 
in a rapid ascent to the surface with sharply decreased 
pressures, will these waters convert into a vaporous state. 

In some cases this brings about the formation of powerful 
steam jets, in others, the appearance of constantly boiling 
and vaporizing springs and, finally, in third cases, under an 
interaction of highly superheated abyssal waters and under- 
ground waters of a lower temperature - to the creation of an 
effective geyser regime of spouting springs. 

All three above described cases can be distinctly ob- 
served in present-day hydrothermal activity of the Geyser 
Valley, discovered by T. M. Usttnova in 1941 within the 
Eastern-Kamchatka volcanic zone. There are over 20 big 
geysers in the valley, many different constantly boiling springs 
and issues of steam jets. 

Contrary to many foreign researchers of geysers, we 
think that the mechanism of their operation is not determined 
by an influx of steam « from magmatic hearths », but by a 
transition into a vaporous state of highly superheated pres- 
sure waters which are subject to the usual hydrogeological 
laws of circulation. 

In addition to above listed cases, when often powerful 
steam jets under pressure are formed, when cold surface 
waters get into strongly heated subsurface horizons of rocks, 
there can also be numerous but very insignificant by their 
volume exhalations of steam. 


IV. Main laws governing the distribution 
of hydrothermae 


In the spatial distribution of hydrothermae of the 
Kurile-Kamchatka volcanic zone there is, just as in other 
areas of present-day volcanicity, a definite horizontal and 
vertical zoning, determined first of all, by the intensity of 
volcanic processes, geothermal conditions, degree of hydro- 
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geological openness of structures (particularly by the presence 
of young tectonic rifts and fractures), as well as by the char- 
acter of geochemical conditions existing in the interior of 
the earth, 

Within the territory under discussion there is a number 
of areas and regions substantially differing in character and 
scale of their hydrothermal activity. The largest and most 
important of these areas are: 


1. The Kurile area of present-day active volcanicity - 
characterized by a most intense hydrothermal activity, a pres- 
ence of numerous points of issue of volcanic gases, steam 
and thermal waters, mainly fumarolic. 


2. Eastern-Kamchatka region of present-day volcanicity - 
also characterized by a very intense and varied hydrothermal 
activity. However, unlike the Kurile Islands, fumarolic thermae 
are represented here only by waters of a « surficial» for- 
mation, while carbonated and nitric thermae have a very wide 
development. Within the region there are sections differing 
in the composition and origin of thermal waters. 


3. Central-Kamchatka region of Early - Quaternary 
voleanicity - region of a predominant development of nitric 
alkaline and, on rare occasions, of carbonated thermal waters. 

The character of vertical hydrochemical zonality in the 
region of active volcanoes is closely associated with specific 
features of their fumarolic activity and possesses, as mentioned 
above, certain very peculiar traits: the presence in the upper 
zone of oxidation of strongly acid sulphate waters, somewhat 
lower chloride-sulphate thermal waters and, under abyssal high 
temperature conditions, of reduction - everywhere purely 
chloride, highly overheated waters, 


Conclusion 


The above stated characteristic of present-day hydro- 
thermal activity of the Kurile-Kamchatka volcanic zone, per- 
mits to draw the following conclusions: 

1, As is demonstrated by the latest hydrogeological and 
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hydrochemical studies, all the described hydrothermae are 
formed mainly at the expense of infiltration waters of an 
atmospheric origin. Only in thermal waters of deep-seated 
sedimentary deposits there is probably a certain participation 
of the remains of old and altered sea-waters (judging by the 
content of Cl, in any case not over 10-15 %); fumarolic thermal 
waters of an « abyssal » origin include apparently insignificant 
quantities of water, formed from the condensation of vol- 
canic gases. 

There is no basis to suggest, in the light of present data, 
that hydrothermal waters of active volcanic regions are « ju- 
venile » flows, emerging on the surface directly from mag- 
matic hearths. 

2. Many carbonated and especially abyssal sulphurous- 
carbonated hydrothermae of the Kurile Islands and Kam- 
chatka, alike analogous springs of other regions of latest 
volcanicity, should be regarded as present metalliferous hy- 
drothermal solutions, providing transport and, under changing 
geochemical and thermodynamic conditions, deposition of 
different metals - Fe, Al, As, Mn, Cu etc. 

Physical and chemical features of composition and con- 
ditions of origin of metalliferous solutions of the two above 
mentioned types are different in many respects, as has been 
demonstrated before. High acidity (very low values of pH) 
of fumarolic thermae determines the possibility of higher metal 
concentrations in them. On the other hand, their expansion 
and duration are smaller (on geological scales of time) than 
that of carbonated hydrothermae, However, as the study 
of Kurile thermal springs has shown, abyssal fumarolic ther- 
mal waters, under favorable conditions, provide a very in- 
tense migration and a considerable delivery of metals to the 
surface. 

A further detailed study of the composition and con- 
ditions of formation of thermal springs in regions of present- 
day volcanicity is of indisputable interest for the determi- 
nation of interrelations between the processes of present vol- 
canism, thermometamorphism and ore deposition. 
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3. Study of hydrothermae is also of great pratical value for 
their utilization as powerful sources of thermal power (for 
heating purposes and generation of electrical power) and for 
medicinal purposes, 
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Introduction 


Geological researches of the last few decades with 
increasing clarity demonstrate the great importance of young 
tectonic movements for a correct appreciation of specific 
features on the Face of the Earth. Recently formulated by 
V. A. OsrucHev (8) basic principles of a new branch of 
sciences — « neotectonics » — are a step forward in the un- 
derstanding of laws governing the structural development of 
both recent and (remembering the principle of actualism) 
ancient continents, 

Differential movements of big blocks of the earth’s crust 
determine both the size and shape of continental masses, as 
well as the relief of their surface. They take place along 
large tectonic fractures existing in the crust for lengthy pe- 
riods. Their nature and origin have been carefully analysed 
by A. V. Petve (9). The fruitfulness of his idea of « deep 
fractures » is obvious. Without this conception structural 
features of many areas would remain incomprehensibile 
for us. 

Late volcanism, developing in connection with postgeo- 
synclinal tectonic movements, also is an important element 
in the structural evolution of consolidated folded systems. 
Volcanic belts and lengthily existing deep fractures con- 
trolling them always indicate important structural trends, At 
the same time, they often form boundaries of large structur- 
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ally individualized regions, and, in such a way delineate the 
main plan of geotectonic provinces. On the scale of Earth 
this is illustrated by the tremendous « Circle of Fire » of the 
Pacific ocean, in smaller scales — by a whole series of well 
known examples (rift volcanism of Africa, volcanicity in the 
Mediterranean, Iceland etc.). 

A study of volcanic belts, which in a succession replaced 
each other on the surface of the continents, helps to recon- 
struct the tectonic history of the Earth. Naturally, the younger 
the volcanic belts, the more authentic is a similar re- 
construction, 

With extreme distinctness the importance of volcanic 
belts as boundaries between structurally different territories, 
is displayed in North-Eastern Asia. 

As has been shown by me before (12), there is full evid- 
ence of a close connection between volcanicity and_ struc- 
tural development here, beginning with the Upper Jurassic 
period. Cenozoic and especially Quaternary volcanism, inher- 
iting certain old tectonic trends, develops also in new struc- 
tural belts, associated with the latest tectonic rebuilding of 
the continent. 

The impulse for the development of the latest ideas was 
given by the beautiful manifestations of Late-Quaternary 
volcanism on a « white spot» in the South-Aniusky range 
discovered from an aeroplane in 1952 and investigated by 
me in 1958 (Prikolymskoe Zapoliarie). This discovery induced 
geologists to study the problems of young volcanism in North- 
Eastern Asia and helped in a better understanding of the 
latest stages in tectonic history and magmatism. 

At the same time young volcanism of the South-Aniusky 
mountain range is of interest by itself both because of its 
scale and by a unique, in this part of Asia, combination of 
fissure eruptions with central eruptions. 


Late - Quaternary volcanism of the Monni valley 


To the South-East from the lower reaches of one of the 
largest rivers in North-Eastern Asia — Kolyma — stretches 
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out a vast and poorly studied mountainous region. It distinctly 
falls into two parallel mountain chains separated by the 
right tributary of Kolyma - Maly Aniuy. Extreme spurs of 
North-Aniusky range are truncated by the coastline of the 
Eastern Siberian sea. The South-Aniusky range is limited by 
a vast region of minor mountains on the left bank of the 
river Bolshoi Aniuy. 

The mountain ranges, folded structures, of which they 
consist, and the main rivers which cut them, trend from 
North-West to the South-East. In the same direction are 
oriented the main tectonic elements, which determined the 
structural development of this region within a number of 
geological periods. 

Young volcanic manifestations which have been studied 
in 1958 are concentrated in the valley of the river Monni, in 
the central part of the South-Aniusky range. Monni valley, 
practically throughout its entire length is parallel to the 
watershed line of the range and, at the same time, coincides 
with the axis of a big anticline in Permo-Triassic slates and 
sandstones. 

Volcanism of Monni valley is connected with a relatively 
recent renewal and a further development of a number of 
large tectonic fractures, partly parallel to the axis of the 
valley (and of the anticline), partly lying at more or less 
steep angles to it. Some fractures were accompanied by 
displacements, Longitudinal disruptions are the largest; they, 
apparently, were developing before the others. 

According to the evolution of the fissure network, there 
are two, also consecutively developed, types of volcanic act- 
ivity in the region of Monni valley. The earlier is repre- 
sented by eruptions of a linear type, while the latter — by 
eruptions of a central type. 


Fissure eruptions of Monni valley 


The first stage of volcanicity in Monny valley was char- 
acterized by big effusions of basaltoid lavas, associated with 
a number of lateral ruptures along the bottom of the valley. 


= Ae 


Relatively liquid lavas pouring out quietly filled the en- 
tire bottom of the valley at a distance over 50 km and from 
2 to 4 km wide, A powerful lava flow pushed the river 
Monni out of its bed, blocked all its tributaries and caused 
the formation of numerous dammed up lakes at its mouths. 
That is why the present drainage system of Monni valley is 
of an original, sort of « broken up », character; waters of the 
tributaries, filtering in, are accumulated into one bed only 
at the end of the lava stream, while all along its length the 
valley is devoid of a visible river. 

The lava stream of this stage is about 30 m thick as 
an average and occupies an area about 100 sq. km; an ap- 
proximate volume of the lava can be estimated at 3 km‘. 

Very important is the asymmetrical shape of the lava 
flow, depending on an uneven distribution of the lava thick- 
ness in respect to the right (Northern) and left (Southern) 
slopes of the valley. The greatest thickness of the flow (up 
to 50 m and more) is observed at the right slope of the valley, 
where lavas rise for dozens of meters up the slope and by 
hundreds of meters penetrate into the right tributaries. On 
the other hand, towards the left slope of the valley, the thick- 
ness of the flow rapidly decreases (in places to zero) and 
there is no place where lavas would penetrate beyond the 
mouths of the left tributaries of the river Monni and do not 
rise along the gently sloping left side of the valley. As a 
result, the surface of the flow as a whole has a slant from 
the North to the South, or from the right slope of the Monni 
valley to the left. 

Such an asymmetry could have arisen only as a result of 
a lava movement mainly across the valley. The mechanism of 
such an asymmetry can be satisfactorily explained by the 
fact that tectonic fractures passing along the floor of Monni 
valley and nearer to its right flank served as lava effluent 
channels. In this case the hydrostatic pressure of the lavas 
should have caused a swelling of the lava flow near the 
right slope, close of the channelway and its gradual dimi- 
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nution in the direction towards the further — left — slope 
of the valley, 

This explanation is confirmed by the virtually exclusively 
longitudinal orientation, in respect to the axis of the valley, 
of swells caused by warping as a result of pressure exerted 
by flowing lava on the already consolidated surface of the 
flow. As should be expected, such swells are especially de- 
veloped along the left flank of the valley towards which the 
main mass of the lava was rushing freely. Here double, triple 
and sometimes even quadruple rows of warping swells can 
be observed, stretching with small intervals for dozens of 
kilometers. The height of the swells comes to 10-15 m with 
a transverse section of 40-50 m. A longitudinal gaping crack 
caused by the subsidence of the arc passes along the axis 
of each swell, 

Along the right bank of the valley slope, where flowing 
lavas soon after emerging to the surface struck an obstacle, 
warping swells usually had no time to form. Instead struc- 
tureless piling up of lava blocks rising up the slope can be 
observed. 

A specific feature in the morphology of a fissure stream 
are lava swells over linear foci of eruption similar to warping 
swells. 

Feeders of fissure eruptions, as is known, can be ob- 
served very rarely; they are usually hidden by outpoured 
lava. In Monni valley, however, one can see several elon- 
gated lava ridges which, according to many signs, can be 
regarded as eruption centres. The largest ridge stretches for 
6 km along the valley axis, approximately in the middle part 
of the lava flow. Several shorter eruptive centres are found 
near its right slope. The total extension of the discovered 
linear foci comes to only 15-17 km, while the length of the 
flow exceeds 50 km. 

Each of the lava ridges — eruption centres — produces 
small flows overlying earlier effusions. The direction of their 
flow is distinctly marked by bands and arcs of ropy lavas. 
One of the eruption centres at the right slope of the valley 
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is accompanied by a big flow about 0.5 km long and at least 
20 m thick. 

The composition of the ridges — centres of eruption — 
is determined as very vesicular trachybasalts of a brown and 
red colour, Real scoria Javas are also encountered. Such rocks 
are absolutely absent in the warping swells, for which, just 
as for the entire stream, black and much less vesicular lavas 
are characteristic. 

The preserved linear centres of eruption are. apparently, 
the latest manifestations of fissure volcanism in Monni valley. 
The earlier channels, which produced the main bulk of lavas, 
are, of course, unapproachable for observation. 

A very peculiar feature of the lava stream are lava lakes. 
These are several rounded depressions up to 15-20 m deep, 
located in the middle part of the stream. They differ from 
late sags, caused by the contraction and consolidation of the 
alluvial substratum, by a peculiar structure of their bottoms 
and ring lava crests surrounding them. Instead of block lavas 
of sags one finds here badly and disorderly warped undu- 
lating lavas on the surface of which there are patches of just 
as disorderly twisted ropy lavas. The entire picture reminds 
a pot with violently boiling thick tar. Bands of ropy lavas 
are descending from the ring crests both inside the hollows 
and along the external flanks of the crests. 

A characteristic feature of the hollows are vertical tu- 
bular voids up to 10 mm diameter in great quantities pene- 
trating the lavas at the bottom, These « tubular » lavas are 
quite like those first described by DuTorr (5) in the Dragon 
mountains, They, undoubtedly, appeared as a result of pow- 
erful gas jets, which made their way through the melt 
before its congelation, 

The absence of any signs of outflow of lava flows from 
these hollows proves that they have not been real centres of 
eruption. At the same time the morphology of the hollows 
and texture features of their lavas permit to regard them as 
peculiar lava lakes, arisen here for a short period at the 
moment of eruption. 
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The appearance of lava lakes can be associated with a 
strong phreatic explosion, caused by an especially intense 
generation of vapours under the incandescent lavas of the 
flow. As source of masses of water vapours could have been 
big lenses of ice in river alluvium covered by the lavas. Ring 
crests around the lakes are a natural consequence of such an 
explosion and their structure indicates that the explosions took 
place up to the final congelation of the flow. Abundant water 
vapours, penetrating through the melt, decreased its viscosity 
and caused a violent « boiling », distinct signs of which are 
reflected in the present relief of the lake bottoms. 

Thus, the severe climate characterizing the entire North- 
Eastern Asia beginning with the Postglacial period (10) and 
the resulting « eternal freezing » of the substratum, definitely 
influenced the morphology of the lava flow and some special 
features in the process of lava congelation. 

A transverse section of the fissure flow, which can be 
observed in some deep crevasses, proves that it was not 
formed by one eruption. In the part of the section which can 
be observed, two consecutive flows of the same structure can 
be seen (glassy crust, vesicular basalts, dense basalts, vesicular 
basalts). Thus, considering small lava trains at the preserved 
linear centres on the surface of the stream, the minimum 
number of eruptive phases should be three. 

The period of fissure eruptions is indirectly determined 
by a number of circumstances. The recent alluvial deposits 
of Monni trough valley overlain by the lavas, a complete 
absence of any signs of adjustment in the drainage system 
to the new relief created by the eruptions, a complete ab- 
sence of erosion effects in lavas on the surface of the flow 
and an absolute preservation of volcanic hearths (both cen- 
tral and fissures) — all this indicates a very recent, in any 
way postglacial, period when the eruptions took place. 

Isolated larches which appeared in some places in the 
depressions of the lava stream at its borders, permit to cal- 
culate the upper limit of the age of the eruptions, which is 
250-500 years. According to local legends of the inhabitants 
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(lamuts), somewhere in the upper reaches of Bolshoi Aniuy 
there are places forbidden for hunting in which smoke and 
flames are bursting out of the ground. It is possible that this 
legend brought to our times the memory of volcanic erup- 
tions in the Monni valley. 


Central eruptions of Monni valley 


A complete closure of tectonic rents on the floor of 
Monni valley by lavas squeezed out through them, meant 
the end of the first stage of eruptions. However, in as much 
as the energy of the volcanic hearth was by this time not 
yet exhausted, magmatic melts have broken out in another 
place. 

The second stage of eruptions was connected with a 
breakthrough of lavas above the intersection of several rents, 
transversal to the anticline, in the headwater basin of the 
extreme left tributary of Monni. This time eruptions were 
mostly of an explosive type. A volcanic cone had grown over 
the narrow feeder called by me the Aniusk volcano. The 
breakthrough of magmatic melts took place within a small 
isometric granitoid intrusion, not far from its boundary with 
Permo-Triassic deposits, Several tectonic rents of a North- 
Western and North-Eastern direction intersecting here are 
perfectly clearly deciphered on aerial photographs. 

The Aniusk voleano has the appearance of a regular 
bright-red cone sharply distinguished on the light-gray back- 
ground of granitoids. The height of the cone is 90-120 m 
(from the Western and Eastern sides correspondingly), dia- 
meter of its base 490 m, diameter of the crater 300 m at 
an average depth of about 75 m. The dip of the external 
and internal flanks of the crater to the horizon is 45 and 30°. 
The bottom of the crater is an oval, slightly concave platform 
of 70 by 30 m, elongated North-Eastwardly along one of 
the largest tectonic rents over which the volcano had risen. 
A vent is clearly seen in the bottom of the crater, sealed by 
dense dark lavas. 

The structure of the volcano permits to reconstruct its 
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history. Thé burst of the vent and the beginning of the 
eruption were, undoubtedly, accompanied by the strongest ex- 
plosions, which have thrown out to the surface tremendous 
quantities of loose volcanic products. The explosive character of 
this stage of eruptions determined the non-stratified structure 
of the lower part of the cone, consisting of semi-sintered red- 
black scoriae, red poorly cemented tuffs and pulverized vol- 
canic material: lapilli, sands and cinder. 

During the next stage, periods -of explosions were re- 
placed by relatively quiet outflows of lava. However, even 
in this stage the explosive activity prevailed, which is proven 
by a comparatively small volume of trachybasalts poured out. 

Especially intense was the final stage of the activity of 
Aniusk volcano. It was completed by an outflow of a big 
amount of lava, which broke down the North-Western part 
of the crater and in a powerful stream rushed down, following 
the natural slant of the terrain. 

A stream of trachybasalts filled the bed of the extreme 
left tributary of Monni, rose to its watershed with the second 
left tributary, flowed over it and along the bottom of these 
two small gorges reached the wide Monni valley. Here the 
lavas overlapped the flow of earlier fissure-eruptions 
and, filling the valley to its full width, flowed downwards 
for a distance of about 12 km. The end of the flow is marked 
by a cusp, rising above the fissure flow for 15-20 m, The 
length of the flow which flowed out of the vent of Aniusk 
volcano comes to 16 km and the total volume of lava 0.48 
km* with an occupied area of 24 km? and an average 
thickness of 20 m. 

At the beginning the flow consists mostly of splintery 
lavas of « aa » type, replaced later by undulating (pahoehoe) 
and block lavas. The most characteristic morphological fea- 
ture of the flow is a predominantly transverse, in respect to 
the valley, orientation of lava warping swells. Here lies its 
sharp difference from the earlier fissure flow with its longi- 
tudinal orientation of this important structural element. This 
distinctly indicates a mostly longitudinal, in respect to the 
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valley, movement of the lavas from the volcano and a trans- 
verse one — for lavas of fissure eruptions. 

An important characteristic of Aniusk volcano is the 
abundance of gases in its magmatic melts. This special fea- 
ture determined the predominantly explosive character of 
the eruptions and the abundance of loose material in its vol- 
canic cone. This circumstance caused also the manifestation 
of a picturesque volcanic phenomenon — lava fountains. 

Owing to a relatively small height of the cone, the slopes 
of the gorge, on the bottom of which it is situated, are rising 
for 300-500 m above the crater. The loose material ejected 
was settling down not only on the bottom of the gorge but 
also on its slopes. The main mass of pyroclastic material was 
dropping on the left flank, in other words to the West from 
the crater. Granitoids of this flank are covered by a layer of 
volcanic bombs, lapilli, and ashes several meters thick. The 
loose layer, in its turn, is covered by peculiar lava outbursts, 
reminding cakes badly flattened during their fall. These flat 
ejectamenta lie upon each other like tiles on a roof and rise 
upwards along the slope in a new layer up to 1.5 m thick 
to a height of 150-170 m above the vent of the volcano and 
60 m above the nearest lip of the crater. 

The composition of the ejectamenta, their structure, 
shape and deposition indicate that they appeared on the 
slope the nearest to the volcano as a result of the action of 
powerful lava fountains which, during one of the last mo- 
ments of eruption, were ejecting spouts of incandescent liquid 
material impregnated by gases. 

The clearly expressed Western direction of lava fountains 
and loose ejectamenta indicate a slanted position of the vol- 
canic channel. Most probably it coincides with the main tec- 
tonic rent, over which the volcano has risen, and which di- 
stinctly dips in a South-Eastern direction at an angle about 80°. 

Considering the suggested dip of the volcanic channel 
and the geometrical position of the upper rim of lava splashes 
as compared to the vent, an attempt has been undertaken to 
estimate some physical conditions in the action of lava foun- 


pe lntee 


tains. Thesé computations permitted to approach approxi- 
mated data on the maximum height of rise for lava spouts 
as 300-350 m over the vent, the original velocity of outbursts 
(90-100 m per sec.), pressure in the vent (120-150 atm.) and 
the minimum depth of the hearth at which explosions take 
place (400-450 m). 

The last figure is especially interesting as it corresponds 
to a higher position of the vent of the volcano as compared 
to the floor of the Monni valley and, thus, indicates a uni- 
formity in the level of lava flows which sealed the feeders 
at the floor of the valley and the explosion hearth of the 
volcano. 


Petrology of Quaternary lavas in Monni valley 


All lavas of both fissure and central eruptions belong to 
basaltoids, Owing to a high alkali content they could be 
called tephrite basalts, with which they are identical in their 
chemism. However, the absence in their petrographical com- 
position of feldspathoids makes one sooner to refer them to 
the trachybasalt group. 

By many peculiarities of their chemism all lavas of 
Monni valley distinctly join the Quaternary effusives of the 
« Eastasiatic » province, established by Koro, Tomrra and A. 
N. Zavanitzxy (6). As it is known, rocks of this specific alkaline 
formation are characteristic for young volcanism of Man- 
churia, North-Eastern China, Mongolia and the Far-Eastern 
Maritime Province. The establishment of effusives of this 
formation in the North of Asia greatly expands its geogra- 
phical borders compared to previously known limits. 

In spite of an extreme similarity in the petrography and 
chemism of Monni valley lavas, their detailed study permitted 
to establish some very interesting differences between them. 

Lavas of fissure eruptions fully belong to basaltic tra- 
chybasalts. Early flows of Aniusk volcano consist of andesite- 
basaltic trachybasalts, later-again of basaltic trachybasalts 
and with an ever increasing basicity. Thus, there is a clear 
differentiation in the composition of melts, which displayed 
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itself especially clearly in the interval between the end of 
fissure eruptions and the beginning of central eruptions. 

Parellel with the change in chemical composition, there 
was also in lavas a change in the mineral composition. Espe- 
cially interesting is the change in the composition of pyrox- 
enes — from augite with 46% of calcic metasilicate at the 
early stages, up to pigeonite-augite with 82% of calcium 
component at the late stages of evolution. For this stage the 
following decay of pyroxene is characteristic with a segre- 
gation in pigeonite augite of thin lamellae of clinoenstatite 
and granules of magnetite. 


Localization problems of Quaternary volcanism 
in North-Eastern Asia 


Lateral rents, with which trachybasalt eruptions of Monni 
valley are connected, are subjected to a general structural 
plan of development of the Aniusk upland. Approximately 
lateral is here the direction of folding, of the main orographic 
elements, of the largest river valleys and tectonic rents. Of 
substantial importance in the formation of structural features 
of North-Eastern Prikolymie were also rents transversal to 
this main trend. With these are genetically associated chain- 
lets of some granitoid Mesozoic intrusions, boundary lines of 
separate lifted or downcast blocks, and, finally, transverse 
valleys of a number of rivers. 

An obvious case of a combination of sublateral and sub- 
meridional rents of the latest origin is Monni valley, in which 
the former served as channels for fissure eruptions and the 
latter were associated with the appearance of a volcano. Of 
a more ancient origin is a similar rhomboidal pattern of rents 
in the upper reaches of the river Pogynden (North-Aniusky 
range), to which a big block of Archean rocks is attached, 
uplifted and squeezed among Mesozoic geosyncline deposits. 

The nearly lateral general trend of folded and disjunct- 
ive structures in the region of Aniusky ranges is sufficiently 
clearly coordinated with the Northern boundary of one of 
the most important geotectonic elements in North-Eastern 
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Asia — thé Omolonsk Pre-Cambrian block. However, it is 
hardly possible that the directing influence of the rigid 
Omolonsk block could be the only reason for the orientation 
of many structural elements of the entire North-Eastern 
Prikoiymie up to the coast of the Eastern Siberian sea and 
further on up to Vrangel island. Another reason which could 
influence their direction could be the « Giperboreisk shield » 
of N. S. SHarsxy (18), whose idea supported by a number 
of Soviet geologists has found now corroboration in a number 
of data obtained by magnetometric surveys. These surveys 
have proven the existence of a tremendous area of a quiet 
magnetic field, extending beyond the continental slope from 
Novosibirsk islands up to Barrow cape on Alaska. The 
Southern boundary of this platform has also a direction 
approaching a lateral one and, in such a way, together with 
the Northern boundary of the Omolonsk block, can influence 
the structural development of the Aniusk upland. This upland 
is a young horst-like uplift of a block structure, limited from 
the West and East by Quaternary subsidences of the Koly- 
mo-Indigirsk lowland and the Chaunsk gulf, from the North 
by a similar young subsidence of the Eastern Siberian 
sea (11), and from the South by a system of blocks of the 
Pre-Cambrian Omolonsk block. Epigenetic valleys entrenched 
for more than 100 m, denote large young uplifts in the basins 
of both Aniu rivers (2). 

Consequently the circumstances which predetermined 
the outburst of Late-Quaternary volcanicity in Monni valley 
are connected with the lengthy structural development of 
arctic Prikolymie, which completed in Postglacial time by 
largest differential dislocations of block masses, a renewal 
of tectonic rents and outflows of an alkaline basaltic magma. 

Authentically established manifestations of Quaternary 
volcanicity are known in the North-Fast of the USSR except 
Monni valley also in the basin of the river Indigirka, where 
on one of its tributaries — the river Moma — three small 
volcanic hearths have been discovered but not yet studied, 
which broke through a Quaternary terrace (3). With the 


es ee 


same zone of big tectonic rents can be connected a volcano 
which operated in the second half of the 18th century, not 
yet discovered by geologists, in the vicinity of the former 
town Zashiversk (on the banks of Indigirka) and described 
in 1824 by F. P. Vrancet’s companion F. F. MatrusHKIn (4). 
On the extension of this zone to the South, in the basin of 
the river Kolyma, manifestations of apparently Quaternary 
basaltoids have been discovered but not yet studied in the 
basin of the river Pravaia Yasachnaia, 

A blanket of Quaternary basaltoid lavas is overlapping 
glacial deposits in the Northern part of Taigonos peninsula. 
Volcanic ash associated with the not yet established source 
of eruption, form minor blankets under the vegetative cover 
in the Magadan region. Supposedly Quaternary lavas have 
been described in the basin of Malyi Aniuy and, finally, of 
Quaternary age is considered to be a big, apparently crateral, 
funnel of Elgytkhyn lake on the Anadyr volcanic upland. 

All these manifestations of Quaternary volcanicity are 
territorially associated with the boundaries of certain im- 
portant tectonic regions of North-Eastern Asia. 

In particular, volcanic manifestations in the district of 
Magadan, Taigonos peninsula and Anadyr volcanic plateau 
are attached to rents within the Okhotsk tectomagmatic belt, 
between the Mesozoic (Yana-Kolyma-Chukotka) and Ceno- 
zoic (Okhotsk-Nippon) geosyncline regions. 

Tectonic rents are extending here mainly parallel to the 
boundary between two geosynclines of different age, but are 
partly dipping towards it at more or less steep angles. Young 
volcanic manifestations of the Aniusk ranges are situated 
just on the extension of the rent zones, diverging to the West 
and North-West from the Okhotsk belt. Thus, they display 
a double structural dependence: the rents controlling them 
could be regarded as boundaries of the Omolonsk Pre-Cam- 
brian block, as well as a structural element associated with 
the tectonic development of the Okhotsk belt. 

Quaternary volcanic structures in the basins of Indigirka 
and Yasachnaia are connected with the belt of deep rents 


— 169 — 


at the Western boundary of one of the main geotectonic 
elements in North-Eastern Asia — the Kolyma middle mass. 
A similar tectonic position characterizes young lavas of Tai- 
gonos, found at the Southern boundary of the Omolonsk rigid 
block, which can be regarded as the Southern protrusion of 
the middle mass. 

Correspondingly the volcanism of Taigonos, just as vol- 
canism of the Aniusk upland, can be associated with rents, 
arising at the boundaries of the ancient block and at the 
same time conjugated with the rents within the limits of 
the mobile Okhotsk belt, 

Structural conditions on the background of which the 
discovered manifestations of Quaternary volcanicity were de- 
veloping in the North-East of Asia, have one common fea- 
ture: in all cases these manifestations are caused by latest 
movements in lengthily existing mobile zones. Of major im- 
portance here were movements on the periphery of the Ko- 
lyma middle mass (as part of which could be considered 
the ancient Omolonsk block) and on the boundary of two 
geosynclines of different ages, 

It should be said that this zone of rents at the boundary 
of the Kolyma middle mass and the Okhotsk zone, connecting 
the Yana-Kolyma-Chukotka and Okhotsk-Nippon geosynclines, 
were places of the greatest magmatic activity during the entire 
Mesozoic and Cenozoic. In particular, with the structures 
limiting the middle mass are associated 30-40% of all mag- 
matic rocks developed on the territory of the Mesozoic 
geosyncline, Within the Okhotsk belt are concentrated 65.2 % 
of the entire area of magmatic rocks in the North-East of 
USSR. In such a way, Quaternary volcanism serves here only 
as the last echo of a previously much more intense magmatism. 

Geological researches of recent years indicate a big scale 
of tectonic movements which embraced North-Eastern Asia 
during the Quaternary period and which were, undoubtedly, 
associated with volcanic manifestations under discussion. 

We have already mentioned young horst-like uplifts 
within the Aniusk ranges, associated with similar young sub- 
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sidences on the territory of the Chaunsk gulf and the Ko- 
lyma-Indigirka lowland. In a big plan block uplifts in con- 
tinental North-Eastern Asia, large in their scale, are conju- 
gated with similarly large subsidences of a block character 
both inside the continent and especially on its margins. 

Submarine valleys of a number of big rivers observed 
at the bottom of Okhotsk (7), Eastern-Siberian and Chukotsk 
seas (11), just as characteristic frazil ice deposits (1), indicate 
their Postglacial origin, A region of vast Postglacial subsid- 
ences is also the Northern part of Bering sea together with 
Bering straits (1, 11). 

Zones of active tectonic rents on the boundaries of espe- 
cially big dislocated masses, were naturally presenting most 
favorable conditions for the development of Late-Quaternary 
volcanic phenomena. 
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SKETCH MAP SHOWING DISTRIBUTION OF QUATERNARY 
VOLCANIC MANIFESTATIONS ON THE TERRITORY OF 
NORTH-EAST ASIA (Kamchatka excluded) 


Ia - Kolyma middle mass (Northern boundary shown by dots). 
16 - Omolonsk block. Is - Taigonos block. Ir - Okhotsk block. 


In - North-Chukotka block, le - South-Chukotka block. Lines with 
hatchures show regions with a stable tendency to uplifts during 
Quaternary period. 


II. - Paleozoic-Mesozoic geosyncline region. 


III. - Border region between two geosynclines of different periods 
(Okhotsk tectomagmatic zone). 


IV. - Mesozoic-Cenozoic geosyncline region. 

. Aniusk Late-Quaternary volcano. 

. Group of Moma Late-Quaternary volcanic cones. 

. Suggested Quaternary lavas on Pravaia Yasachnaia river. 
. Suggested Zashiversky volcano. 

. Explosion funnel of Elgytkhyn lake. 

Interglacial basalts of Taigonos peninsula. 

. Quaternary ashes from the vicinity of Magadan. 


. Suggested Quaternary lavas of Maly Aniuy (Upper reaches). 


O00 “A OD WG # oo bo 


. Suggested Quaternary lavas of Maly Aniuy (midstream). 


. K. Ustizy — Aniusky volcano and localization problems of Quaternary vol- 
canism in North-Eastern Asia. 
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Development of magmatism in the Caucasus 
in the light of absolute age determinations 


1. History of the development of magmatism in the 
Caucasus and the activity of its separate stages 


According to geological conclusions published in other 
papers, the following granitoid complexes of different ages 
can be segregated within the North-Caucasus folded region. 


a) Caledonian intrusions of plagiogranites and pla- 
gioalaskites. The intrusions are accompanied by pegmatites 
and aplites, as well as by phenomena of sodium metasomat- 
ism in deep conditions. 

The age of these intrusions and their derivates, according 
to estimates, ranges between 290 and 350 million years. The 
division of Caledonian magmatism into smaller stages is pos- 
sible after its more detailed study with the application of 
other methods. Magmatic rocks of the Caledonian cycle 
(Urushtensky complex), together with enclosing crystalline 
schists, served as a substratum for all the following intrusions 
of younger intrusive cycles. 


b) Hercynian granitoid intrusions of Upper Paleo- 
zoic of an age from 240 to 180 maillion years. They are 
displayed in different structural zones of Northern Caucasus 
as intrusions of a granitic magma — gray binary granites, alas- 
kite granites of the Main ridge and the so-called red gra- 
nites or Northern granites. 
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Derivates of this magmatic complex have also formed 
minor intrusions of an unequiponderant composition, which 
originated in hypabyssal facies conditions of Mt. Yatyrgvart 
etc. Hercynian magmatism is also represented by stocks and 
dikes of acid, essentially potassium granite-porphyries (Hudes, 
Indysh), Finally, during this period masses of a batholith-like 
character are being formed, which make up the main bulk 
of the so-called ancient microcline granites of the Main ridge. 

The evolution of the last granitoids is of a complicated 
nature. A big role has been played here by processes of 
metasomatism — potassium metasomatism associated with 
Hercynian magmatic masses, Potassium metasomatism deter- 
mined the reworking of the substratum and early granodioritic 
intrusions into microcline porphyraceous granites. 


Intrusions of Hercynian 
alaskites from different 
places of Northern 


Caucasus have an age of 190 mln. years 
Intrusions of binary gra- 

nites » 200 » 
Granite - porphyries of 

Hudes > 190 » 
Contaminated minor in- 

trusions of Indysh > 210-240 » 
Minor intrusions of Yat- 

yrevart » 170-214 » 


Age of porphyroblast mi- 
crocline in granitoids 
of the Main ridge (pe- 
riod of potassium me- 
tasomatism) » 180-200 » 


c) Mesocenozoic intrusions are represented by small 
intrusions of a granite magma, following the manifestations of 
the fundamental volcanogene formations, In section deeply 
opened up by erosion, they are accompanied by pegmatites. 
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Absolute age of these manifestations of 


magmatism is within the limits of 80-110 mln. years 
Age of Liassic andesite outflows in Mt. 
Klukhori region 120 > 


d) Tertiary intrusions. 


Anorthoclase granites (measurements of 


1957) 50-40 mln. years 
Extrusions of « trachyliparites » 30-25 > 


e) Quaternary effusions and extrusions, representing 
maybe the beginning of a new cycle, are not yet investigated 
as to their absolute age. 

The paper gives description of the main stages in the in- 
trusive and granitizing activity of North-Caucasus during the 
period from Lower Paleozoic until Upper Tertiary. 

Available data on different vein rocks and effusives could 
be synchronized with intrusive manifestations. 

Age data on magmatic complexes of Georgia, Armenia, 
Azerbaidzhan and North Caucasus already now permit to 
outline two large, essentially geosynclinal stages in the de- 
velopment of Big Caucasus, 

The first stage of geosynclinal development (Cambrian- 
Silurian) of the Caucasian folded region is characterized by 
the development of the ophiolitic formation ending in intru- 
sions of plagiogranites and Na granites, This stage corresponds 
to the development of a Caledonian geosyncline in the place 
of present Northern Caucasus. 

During Upper Paleozoic —- Carboniferous, Permian — in 
these structures a complicated granodiorite-granite complex 
of magmatic and metasomatic rocks is being formed, corre- 
sponding to the Hercynian stage. For magmatic and meta- 
somatic formations of this stage an essentially potassium type 
of rocks is characteristic, 

Altogether this entire completed cycle of development 
embraces about 170 million years (350-180 mln. years). 

In Transcaucasia during the Jurassic-Lower Cretaceous 
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periods a younger geosyncline is being formed. As result of 
its development a young ophiolite complex originates, also 
accompanied by plagiogranitic intrusions. 

Beginning with Upper Cretaceous and up to Tertiary 
inclusive intrusions, relatively rich in potassium, are being 
formed and they end in the formation during the Tertiary 
of alkaline granitoids and essentially alkaline rocks, petrogra- 
phically similar to some magmatic rocks of the Appennine 
peninsula. 

The duration of this cycle of development is estimated 
to be 120 mln. years, Within the old geosynclinal area 
(Northern Caucasus) there are magmatic manifestations which 
are an echo of magmatic processes accompanying the for- 
mation of a geosyncline in Transcaucasia during Mesoceno- 
zoic times. 

For the Urals L. N. Ovcurinnixov, A. S. SHur and M. 
V. Panova have discovered with the aid of K-Ar method the 
following intrusive rocks: 1) Pre-Cambrian (Berdyaush ra- 
pakiwi) of an age about 1000 mln. years, 2) Caledonian stage 
(Kushva, Magnitogorsk, Caledonian and other masses) of an 
age of 350 mln, years, 3) Hercynian stage (Verkhne-Isetsky, 
Myrzinsky, Ilmenogorsky masses) of an age of 250 mln. years. 

In Middle Asia researches based on K-Ar method disclos- 
ed caledonides of an age of 330-340 mln. years and Hercynian 
intrusions (Kuraminsky range) which have been formed dur- 
ing several intrusive phases during a period of 250-180 mln. 
years. 

In the Maritime province of the Far East, using the 
same method, also caledonides of an age about 340 mln. 
years, hercynides of an age 200-180 mln. years and Ce- 
nozoic intrusions of an age of 60-70 mln. years have been 
determined. Above given data show that granitoid intrusions 
of Caledonian, Hercynian and Mesocenozoic (for the last 
three regions) stages took part in the building up of folded 
zones of the Urals, Caucasus, Middle Asia and the Maritime 
Province. The petrographic aspect of rock associations cor- 
responding to stages of different ages in such remote regions 
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is similar for’ complexes of the same age. The first results in 
the study of the absolute age of rocks in the Urals, permit 
to outline in its development also a stage more ancient than 
the one established for the Caucasus. This stage of magmat- 
ism corresponds to the age of about one billion years. 

Detailed petrological and geological study of magmatic 
complexes of different ages will permit in future to establish 
general laws governing the development of magmatism in the 
earth’s crust. 


2. Main laws governing the development of 
magmatism in Northern Caucasus 


In the history of the development of the North-Caucasus 
folded region the initial stage in the formation of a large 
geosynclinal trough in the Cambrian was accompanied by a 
powerful manifestation of volcanism, characteristic for the 
ophiolite formation (spilites, diabases, sodium keratophyres). 
As the first intrusions of granites are dated as being 350 mln. 
years old, the beginning of magmatic activity can be approx- 
imately referred to a period between 400 and 500 mln. 
years ago. 

The development of folding processes, accompanied by 
deep fractures, brought about the formation of a complicated 
intrusive magmatic complex consisting of gabbro-amphibo- 
lites, ultrabasites, plagiogranites, spessartites and acid Na 
granitoids. 

Magmatic members of the Urushtensk complex and en- 
closing rocks intruded by them served as substratum for all: 
magmatic events of a Post-Devonian age. 

After the completion of the evolution of the Cambrian- 
Silurian geosyncline, the geological development of the Nor- 
thern Caucasus folded region acquired a qualitatively dif- 
ferent character. 

Deep fractures, connected originally with the formation 
of the geosyncline, were gradually undergoing an evolution 
and renewals, thus creating a regularly-zonal structure of the 
Caucasus, 
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Owing to movements, frequently having different signs, 
of individual zones in respect to each other, the development 
of new magmatic hearths is taking place in the deep parts 
of the crust. These hearths produce associations of rocks 
which are different from associations of the purely geosyn- 
clinal stage in the development of the folded region. 

Consequently the deductions of the author in 1950 re- 
garding two different types of rock associations are confirmed 
by more detailed researches, 

1) Associations of basic and acid rocks, essentially sodium 
in composition, displayed both in the effusive and intrusive 
facies. In the intrusive facies this association includes ultra- 
basites. The origin of such an association of igneous rocks 
is connected with the development of geosyncline downwarps 
and the evolution of magmatic hearths in the deep zones of 
the earth’s crust within its basaltic and maybe even peri- 
dotite shells, 

2) Association, consisting in the intrusive facies of rocks 
mainly of a granodioritic and granitic composition. The more 
basic members — gabbro-diorites, diorites are formed as 
a result of local contamination processes of a granite magma 
by the material from assimilated rocks. 

In the effusive facies this association is characterized by 
a considerable development of acid effusive rocks (liparites, 
dacites), quantitatively still surbordinate to the outflows of 
andesites and andesite-basalts. 

The periodicity in the resumption of magmatic activity 
with the formation of specifically different magmatic com- 
plexes, including their metallogenic features, is an evidence 
of the palingenic origin of corresponding magmatic hearths 
at the expense of a local anatexis of the sial., 

Very important for the understanding of petrogenetic 
and metallogenic processes is the establishment of the facies 
position of igneous bodies, in other words the conditions of 
transition of magmatic masses into rocks. With these pro- 
cesses are associated specific features in the interaction of 
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magmas and the enclosing rocks, the character of the eva- 
cuation of volatile components from the magma. 

The evolution of the Cenozoic and earlier cycles of 
magmatic formation of Northern Caucasus evidences to the 
existence of genetic relations between effusive and intrusive 
magmas of acid composition, which are derivates of a common 
magmatic source. 

These relations should not be primitively regarded as a 
connection between the aboveground volcano and the « ba- 
tholith », The advance of magma to the upper horizons of 
the crust is, undoubtedly, a complicated process, proceeding 
through its penetration into various structural stages and a 
formation there of local magmatic hearths. Such a relation 
is easily established for intrusions, which in their invasion 
reached horizons near the surface of the earth. In the major- 
ity of cases such a relation is established by a specific com- 
position and synchroneity of magmatic formations of different 
facies in differentially displaced blocks of one structural zone. 

The depth of the formation of intrusions determines the 
possibility for the development of metasomatism processes - 
granitization. 

In particular, sodium metasomatism in conditions of a 
deep formation of late granitoid intrusions (Cm-S) of the 
anticlinal structure of Peredovoi range led to the formation 
of metasomatic albite-oligoclase granite-gneisses, partly of a 
porphyroblastic texture. With analogous deep conditions for 
the formation of intrusive complexes are associated processes 
of microclinization of the Upper Paleozoic period of the struc- 
tural zone of granitoids of the Main ridge. 

One of essential questions of magmatic geology — the 
position of the lamprophyre vein series in the process of 
formation of intrusive complexes — receives a new eluci- 
dation on the basis of Caucasian material. 

In the process of the evolution of magmatic complexes 
of an essentially geosynclinal type, including ultrabasites as 
an obligatory member, the vein melanocratic series (spessar- 
tites, in particular) form a separate stage in the formation of 
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such complexes, which follows the invasion of the plagiogra- 
nitic (tonalite) magma, but comes before the invasion of acid 
differentiates—alaskites, pegmatites and aplites. 

Essentially amphibolic vein rocks, as demonstrated by 
the study of Caucasian material, are much less subject to dy- 
namometamorphic and metasomatic changes than their en- 
closing rocks of an essentially quartz-feldspathic composition. 

Such a varying competence of rocks of different com- 
position towards dynamometamorphic and metasomatic chan- 
ges can lead in certain cases to erroneous conclusions on the 
succession in the formation of various vein rocks and the fol- 
lowing metasomatic transformations, which took place in that 
or other mass. 

In particular, the presence of «diabase » dikes fre- 
quently « obviously » cutting granites permits usually to con- 
sider granites, as a whole, as more ancient rocks. A detailed 
study of such rocks along the river Terek, for instance, and 
in other places, accompanied by determination of absolute 
age, permitted to come to different conclusions. Actually 
« diabase » dikes are vein spessartites intruded into the in- 
trusions of plagiogranites before the intrusion of plagioalas- 
kites and plagioaplites of Silurian (Lower Devonian ?) age 
and before the formation in these metamorphosed intrusions 
of porphyroblast microcline. 

Cataclased intrusions of plagiogranites and_ spessartites 
of Darial gorge cutting them were subjected to microclini- 
zation. Dikes of spessartites « diabases » proved to be slightly 
affected by superimposed processes of dynamometamorphism 
and metasomatism. That is why, despite their older age, they 
look as cutting in respect to microclinized porphyraceous gra- 
nites of Darial. 

In this case real geological relations between rocks of 
different ages were veiled by superimposed processes of po- 
tassium metasomatism, described by me for another part of 
the Caucasus in 1949, Similar effects of microclinization for 
Finnish granites have been described by Epeiman (1949) and 
for ‘some African granites by Marmo (1955). 
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The Caucasus provides an example of how more detailed 
studies of folded regions with a complicated history of their 
structural-geological development permit to obtain new facts 
regarding the laws governing the development of magmatism. 
On the example of the Caucasus, owing to a disclosure of 
the caracter of differentiated movements of structural blocks 
it becomes possible to discover in different structures inter- 
mediate links between the intrusive and effusive magmatism. 
To prove the availability of common sources of effusive, ex- 
trusive and intrusive formations of a certain tectomagmatic 
period, it is important to establish their synchroneity. 

At the present time it is possible to draw a conclusion 
that Cenozoic magmatism in the Caucasus is represented 
by both intrusive and effusive rocks. 

On the basis of Caucasian material interesting results 
have been obtained to make more precise our ideas on the 
origin of granites. 

Granites of the Main ridge were formed in deep con- 
ditions and, naturally, as long as they appeared on the sur- 
face on their own, this means that the effusive rocks, if they 
have been associated with the granites in the same structure, 
were by that time subjected to denudation. Geological-petro- 
graphic researches of the last few years succeed in demon- 
strating the age proximity of acid effusive rocks and_por- 
phyries (Upper Permian) of neighbouring structural subzones 
of Northern Caucasus with the intrusions of Upper P,. The 
study of specific features of rock-forming minerals and _ re- 
lations between phenocrysts and the groundmass also permit 
to disclose peculiarities of rocks essential for the understand- 
ing of their genesis. 

Some rocks of the Upper Cretaceous (Eocene?) intrusions 
consist to 60-80 volumetric % of crystals forming the gra- 
nite skeleton of the rock, while the finely crystalline mass 
with patches of acid glass forms only the remaining 20-40 %. 

A detailed study of such rocks shows that in this case 
the lengthy deep process of crystallization of a granite mag- 
ma, owing to tectonic reasons, was interrupted and this mix- 
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ture of 60-80% of a solid phase and 40-20% of melt was 
intruded into the mass of slaty clays, characterized by an 
extremely low endurance, 

The study of porphyries and roots of extrusions usually 
demonstrates a reverse picture of a relation between pheno- 
crysts of a deep origin and the groundmass of the rock cry- 
stallized after its intrusion into a higher structural horizon. 

The presence of such peculiar rocks, illustrating a change 
in the crystallization conditions of the magma with the for- 
mation of acid volcanic glass from the remaining liquor, con- 
firms the existence of a granite magma as a silicate melt, as 
well as the presence in nature of a conjugation of intrusions, 
extrusions and effusions of the same age — magmatic for- 
mations, connected by a common source. 

At the same time data obtained on metasomatic transfor- 
mations of rocks under conditions of a deep formation of 
intrusions with sufficient convincingness confirm out former 
conclusions regarding the presence of granitization processes 
in deep facies conditions determined by a granite magma. 


3. On some results and prospects in the use of 
K-Ar method for the determination of the absolute 
age of rocks 


At the present time there is a rather firmly established 
opinion in literature that perthitic KNa feldspar is less suit- 
able for age determination than micas. 

E. K. Geriinc carried out researches for the determi- 
nation of the significance played by the energy of activation, 
associated with the emission of argon from muscovite and 
biotite. The values obtained were correspondingly 92000 and 
60000 small calories per gram-atom of argon. These values 
are comparable in size with the bond energy of the most 
stable chemical compounds, That is why micas, according 
to E. K. Gertinc, are the most suitable material for age 
determination by the argon method. For microclines the va- 
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lues of activation energy connected with the emission of 
argon were not determined by E. K. Grrtinc. 

E. K. Gerwine’s researches have shown that the main 
mass of radiogenic argon in escaping from muscovite during 
heating in the interval between 600-800° and from microcline 
in the interval between 1000-1100°. These data do not yet 
provide a single valued solution regarding the suitability of 
that or other mineral for age determinations. 

The question of noncoincidences in the figures of ages, 
obtained on micas and on KNa feldspars, can not be decided 
comparatively simply depending upon the perthitization of 
feldspars. If perthitic intergrowths of potassium feldspar by 
albite are regarded as perthites of the solid solution decay, 
this process takes place in a relatively small period of time 
after the crystallization of minerals from high-temperature 
melts—solutions, during their cooling. In future it is doubtful 
that the planes of perthitic intergrowths could provide a 
greater possibility for the migration of argon, than the cry- 
stallographic directions of perfect cleavage (001) and (010), 
intrinsic to each KNa feldspar. 

Micas also possess a very perfect cleavage, which, natur- 
ally, determine a probability of the presence of the finest 
cleavage planes, along which the migration of argon can be 
hampered no more than along the planes of decay perthites 
development in a microcline. 

The possibility to reconstruct the lattice of KNa feldspars, 
— a process described in literature as « regulation of the 
lattice », — could be of importance to facilitate the migration 
of radiogenic argon. However, the dependence of « triclini- 
zation » of KNa feldspar upon time, original conditions of 
crystallization and later, superimposed processes is not 
yet clear, 

Geological-petrographic studies of rocks and minerals of 
the Caucasus, connected with the use of K-Ar method, carried 
out during recent years, permit to confirm that in a number 
of cases this material also provides considerable discrepancies 
between the figures of ages, determined for minerals extracted 


ae (eee 


even from one hand specimen. But this question needs a 
more detailed investigation. 

In my article of 1955 I already pointed out the difficulties 
in the determination of an absolute age connected with the 
insufficient precision of methods used for the determination 
of potassium (presence of rubidium, hydration and oxidation 
of micas when prepared for a chemical analysis, etc.), espe- 
cially if it is in small quantities. For rather old rocks this 
can lead to considerable deviations in the figure of abso- 
lute age. 

It was also shown at the same time how important it is 
to take into the consideration the fact that in many granitoids 
porphyraceous phenocrysts of KNa feldspar, being porphyro- 
blastic (metasomatic) formations, will be of a younger age 
than the substratum along which they developed. 

Continued researches on absolute age have shown that 
together with the unsynchroneity in the formation of indi- 
vidual minerals in the rock, there also took place a migration 
of argon, owing to a superimposed influence of younger mag- 
matic masses. 

Table 1 summarizes data on the determination of the 
age of separate minerals from one rock, as well as determi- 
nation of the age of rocks in the roof changed in contact with 
a definite intrusion and, finally, data on the determination of 
the age of petrographically typical rocks occurring as pebbles 
in sedimentary deposits of a definite geological age, The given 
figures permit to draw the following conclusions: 

1) In the parts of the Caucasus which became consoli- 
dated by the moment of the intrusion of the studied igneous 
rocks and which were not subjected later to the influence of 
younger magmatic masses, the figures of age for muscovite 
and perthitic microcline from the same pegmatite vein, proved 
to be identic (190 mln. years) and corresponding to geological 
data regarding their age. 

2) Diorites of Mt. Yatyrgvarta are transgressively overlain 
by Triassic deposits with the formation of a basal conglo- 
merate from the detritus of this diorite. The age of a bulk 


— 185 — 


TABLE 1. 


Age of some rocks and minerals (K-Ar method) 
for different geological conditions 


Geological position : Content | Age in 
___of the rock _ Re eed AS _| of Rb imln. years 
India, Nellore muscovite | traces 540 
Pre-Cambrian __plat- 
form Just | amazonite | 70.68: 510 
Caucasus. Darialmas- | porphyr. granite | fer 125 
sif Bi from it = 195 
Paleozoic folded zone | Mi from it | —_ 80 
Superimposed pro- | porphyr. granite | ape 130 
cesses Bi from it — 190 
_Mi from it — 65 
Mi granite pes 80 
Plagioalaskite < cutting » 
a iat porphyraceous granites" — 200 
Kassarsk massif. Dit- | Pl from gneiss == 235 
to. PME 2A sit. 
Mu from pegmatite = 120 
SE LSE GS as ee ED 
Fasnalsk section Lower Paleozoic granite — 125 
Mu from cutting pegma- 
tite — 250 
KNa feldspar from same 
_ pegmatite | es ellie 203 
granite 176 iy wate 125 
granite 178 — 125 
granite 203 er —s 125, 
granite — 100 
NES pe DU 0.14 95 
Teberda. Zone of | Mu from pegmatite traces 200 
the Main ridge (Up- 
per Paleozoic) _ Mi from it 0.16 195° 
Granites of the Main | Mi = 190 
_ ridge — Llosa at ee — 210 
Triassic basal conglo- | Mi granite-porphyry 
InCIaUe Js peeeaetes, 4 (DEDbIes) Ey 8, ee: 210 
Minor intusions of | anorthoclase granite = 210 
Yatyrgvart Pre-Triassic diorite _ = 215 


Tertiary intrusion of 
Tyrnyauz 


« Laccolith » of Mt. 
Dzhutsa 


Bi from granite = 54 
feldspar from granite _ — 45 
Bi from microcline gra- 

nite (Paleozoic) xeno- 

lith - 112 
Granitogneiss of the roof =A 70 
Mi alaskite of the roof 
gilaleozole) oes bat) oles = 60 

« trachyliparite > we 25 
granite xenolith = 35 
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sample of diorite proved to be 220 mln. years, of the feldspar 
fraction from it —215 m.y., while a bulk sample of a younger 
rock of granite phase yielded the age of 175-180 my., ie. 
Post-Lower Paleozoic but Pre-Triassic intrusive rocks and 
their feldspathic fraction obviously did not undergo any « re- 
juvenation >». 

3) Pebbles of pegmatoid microcline granites from Triassic 
conglomerates petrographically identical with Upper Paleo- 
zoic vein granites of river Hatsavitaia, r. Indysh and other 
localities of the Caucasus, proved to have an age of 210 
m.y. This means that into Triassic conglomerates got actually 
Pre-Triassic granites, but not « Jurassic », as it could have 
been obtained by the age determination of microcline which 
lost 20-25% of radiogenic argon owing to perthitization. 

Along with such data which, it seems, permit to treat 
the figures of absolute age with full confidence, no matter 
whether they have been obtained on micas and feldspars or 
a bulk rock, there is a number of determinations, repeated 
several times, which testify to the influence exerted by su- 
perimposed geological processes on the preservation of ra- 
diogenic argon in minerals, which rejuvenates the mineral 
and does not permit to have a judgement on the period of 
its formation. 

Geological-petrographic studies have shown that the 
Darial, Kassarsk and Aksautsk granitoid masses are built of 
strongly dynamometamorphosed rocks which were formed in 
the following succession: plagiogranodiorites, amphibolic 
spessartites, plagioalaskites and plagioaplites. After a consi- 
derable interval they were subjected to a potassium metaso- 
matism with the development of fresh brown biotite and 
porphyroblastic microcline, 

Age determination of plagioalaskites of the Darial mass 
and of the porphyraceous segregation of plagioclase in 
gneisses of the Kassarsk rock mass yielded figures ranging 
about 300 m.y. (fluctuations depending on different determi- 
nations of the negligible content in them of potassium), The 
biotite age from granitoid rocks of the masses proved to be 
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190 m.y. The age of the porphyroblastic microcline from 
Darial mass as average from four specimens = 80 m,y. 

There is no doubt that the Darial and analogous rock 
masses in the axial zone of the mountain range were at least 
twice subjected to dynamometamorphism before the superim- 
position of potassium metasomatism and before the injection 
of Mesocenozoic intrusions into this structural zone. 

One can hardly think, that these processes, which took 
place during the subsidence of the structural zone, were not 
accompanied by a considerable heating of rock masses. Con- 
sidering E. K. Grertinc’s experimental data, this could be the 
only explanation why plagioalaskites with an age of about 
300 m.y. « are cutting » microclined plagiogranites, the biotite 
from which has the age of 190 m.y. and the porphyroblasts 
of microcline 80 m.y. It is also worth mentioning, that the 
undoubtedly Paleozoic granitoids from the contact halo of 
the Tyrnyauz Tertiary intrusion, associated with the same 
structural zone, yielded a similar age figure — about 70 m.y. 
It is also known that at a small distance from the Darial 
mass of old granitoids Cenozoic granitoids are coming out 
to the surface, All this permits to suppose, with sufficient 
grounds, that in conditions of dynamometamorphism and a 
certainly lengthy heating of certain sections of the axial zone 
to which younger Cenozoic intrusions are attached, mica 
formed after the potassium metasomatism, as a more stable 
mineral, kept radiogenic argon better, while microcline pre- 
served smaller amounts of radiogenic argon, corresponding to 
the early Cenozoic stage of magmatic activity in this zone. 

Thus the difference in ages determined with the help 
of the K-Ar method for individual minerals and vein rocks 
in one rock mass, not corresponding to seeming geological 
relations between them, can, probably, be best explained by 
two reasons: 1) difference in time of formation of separate 
minerals and 2) a thermal dynamometamorphic influence of 
later tectomagmatic cycles on already formed rocks. A num- 
ber of other examples given in the table make such a con- 
clusion sufficiently convincing. 
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Researches which have been carried out have demon- 
strated that in all cases of an obvious influence of superim- 
posed high-temperature processes both micas and potassium 
feldspar loose a certain part of radiogenic argon. In case of 
a comparatively low-temperature influence, at which the 
colouring of pleochroic haloes in micas disappears, micas 
apparently preserve argon to a greater extent than KNa 
feldspars. 

A virtually 100% migration of accumulated argon hap- 
pens, probably, in case of a high-temperature and lengthy 
heating, determined by a close position of molten magma 
(gneisses from the contact halo of Tyrnyauz intrusion). 

The above-said evidences on one hand that the K-Ar 
method using as an object of investigation one mineral of 
some kind without a deep knowledge of the petrology of the 
studied object, can not be used as an ordinary method, fit 
for any occasion for the stratification of igneous formations 
of folded regions with a complicated history of magmatism 
development. 

At the same time the application of this method to 
obtain a great number of figures with a parallel detailed pe- 
trological study of igneous formations, will, undoubtedly, 
permit to separate by age magmatic rocks with their deri- 
vates and in a number of cases to determine the succession 
and character of petrogenetic processes, 

Any method of age determination, based on the radioact- 
ive decay of elements, actually determines the age of the 
studied mineral and not of the rock as a whole. We usually 
assume that the figure obtained determines also the age of 
the rock, part of which the mineral was. As demonstrated 
above this is not always correct. This assumption is correct 
in cases where the rock is a paragenesis of minerals formed 
through crystallization of one melt (solution), owing to its 
gradual cooling, provided that in the further history of its 
geological existence this paragenesis will not be subjected 
to influences leading to a distortion of relations between the 
mother matter and the product of decay. 
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Such external influences, distorting the mentioned re- 
lations in the mineral under investigation, are quite feasible 
during the lengthy geological time not only for K-containing 
minerals, but also for minerals of the uranium-thorium series. 

A mighty help in the K-Ar method should be a method 
appliable to the same minerals and researches, so that work 
using both methods could proceed concurrently. 

The above said does not create any serious grounds for 
worry about the future prospects in the development and 
practical use of K-Ar method in the solution of geological 
problems, Even now, in its actually initial stage of applica- 
tion, we can use it for an objective judgement in cases when 
geologists widely differ in their estimates of the age of mag- 
matic rocks, For instance, though granites of the Main ridge 
of the Caucasus provided differing figures on micas and the 
feldspar, these figures for different intrusive phases were not 
beyond the range of 230-180 m.y., which is confirmed by geo- 
logical data on the Upper-Paleozoic age of these granites, At 
the same time, it is known, that earlier these granites were 
regarded (and even now are regarded by some geologists) 
as Pre-Cambrian, while certain geologists insist on their age 
as being Tertiary, 

It is possible to assume that the value of the age figure, 
obtained from a well averaged even bulk sample of the 
rock, with a sufficient precision of measuring radiogenic argon 
and the amount of K, will permit to get a correct orientation 
in the question of the rock belonging to a definite geological 
system, because the differences in the age of minerals and 
superimposed processes facilitating the migration of argon are 
more frequently connected with the evolution of a single 
intrusive complex. The duration of this evolution rarely ex- 
ceeds 50-60 m.y., which generally provides sufficient ground 
for certain geological premises unattainable through usual 
geological methods, 

The age distortions, connected with the superimposition 
of the influence of magmatic masses of new intrusive cycles, 
are usually reflected in specific geological-structural con- 


13 


= ee 


ditions accompanied by peculiar petrographic phenomena 
and this can always be discovered in the course of detailed 
geological and petrographic researches. In such cases the K-Ar 
method, without giving the real age of the rock, helps to 
get an idea of the processes which took place, which is also 


very important. 
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NOTICE NECROLOGIQUE 


Nous avons le regret d’annoncer le décés du Révérend 
Pere Lryay, Membre de l’Académie des Sciences, Vice-Pré- 
sident de l’I.C.S.U., Directeur du Bureau Gravimétrique In- 
ternational, survenu le 11 Octobre 1958. 


Le Directeur du Bureau Central 
de Volcanologie 
F. SIcnorr 
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